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S Y N T H E S I S  O F  R E S U L T S  A N D  D I S C U S S I O N  
T h e  g e o g r a p h i c  d i s t r i b u t i o n o f  P a r e c h i n u s  a n g u l o s u s  a c c o r d i n g  t o  p r e s e n t  
I I  
r e c o r d s  e x t e n d s  f r o m  U m h l a l i  ( Z u l u l a n d )  t o  L u d e r i t z  B a y  ( D a y ,  1 9 7 4 ) .  
T h e  u r c h i n s  a r e  t h e r e f o r e  a d a p t e d  t o  a  f a i r l y  w i d e  r a n g e  o f  t e m p e r a t u r e s .  
M a x i m u m  f l u c t u a t i o n s  p r o b a b l y  o c c u r  a l o n g  t h e  s t r e t c h e s  o f  c o a s t l i n e  
a f f e c t e d  b y  u p w e l l i n g ,  t h e  s o u t h - w e s t  a n d  w e s t  c o a s t s ,  w i t h  d i f f e r e n t i a l s  
o f  t w e l v e  d e g r e e s  C e n t i g r a d e  a n d  m o r e .  F u r t h e r m o r e ,  t h e s e  f l u c t u a t i o n s  
m a y  t a k e  p l a c e  w i t h i n  a  m a t t e r  o f  a  f e w  h o u r s  o r  e v e n  l e s s ,  i . e .  a l m o s t  
c a p r i c i o u s l y  1  i k e  t e m p e r a t u r e  c h a n g e s  e n c o u n t e r e d  o n  l a n d  b u t ,  u n l i k e ,  t h e  
l a t t e r ,  b y  v i r t u e  o f  m o v e m e n t  o f  d i f f e r e n t  w a t e r  m a s s e s ,  r a t h e r  t h a n  c o o l i n g  
r a t e .  
T h e _  i m p o r : a n c e  o f  t e m p e r a t u r e  a s  a  r e g u l a t o r  o f  r e p r o d u c t i v e  c y c l e s  i n  m a r i n e  
o r g a n i s m s ,  s p e c i f i c a ' l y  i n v e r t e b r a t e s ,  i s  d i s c u s s e d  i n  G i e s e  a n d  P e a r s e ' s  
( 1 9 7 4 )  d e t a i l e d  r e v i e w  o n  t h e  s u b j e c t .  A  l o c a l  s t u d y  b y  N e w m a n  ( 1 9 6 9 )  
c o n s i d e r s  t h e  e f f e c t  o f  t e m p e r a t u r e  o n  t h e  s p a w n i n g  b e h a v i o u r  o f  a b a l o n e  
( H a l , i o t i s  m i d a e ) .  T h i s  s t u d y  w a s  c o m m e n c e d  i n  t h e  l i g h t  o f  t h i s  i n f o r m a t i o n  
a n d  s u b j e c t i v e  p r e l i m i n a r y  o b s e r v a t i o n s  u n d e r w a t e r ,  w h i c h  r e v e a l e d  s t r i k i n g  
d e n s i t y  a n d  r e l a t i v e  s i z e  d i f f e r e n c e s  b e t w e e n  u r c h i n s  o n  t h e  A t l a n t i c  
s i d e  o f  t h e  P e n i n s u l a  a n d  i n  t h e  w a r m e r  F a l s e  B a y .  
A  d e t a i l e d  i n  s i t u  
r e c o r d  o f  s e a  t e m p e r a t u r e s  a t  t w o  s t u d y  s i t e s , R o b b e n e i l a n d  a n d  M i l l e r s  P o i n t  
w a s  o b t a i n e d  b y  i n s t a l l i n g  t e m p e r a t u r e  m e a s u r i n g  d e v i c e s .  T h i s  m o n i t o r i n g  
c o v e r e d  a  p e r i o d  o f  o n e  y e a r ,  w h i l e  c o u p l e d  w i t h  m o n t h l y  c o l l e c t i o n s  o f  
u r c h i n s  i n  t h e  m a t u r e  s i z e  r a n g e .  
T h e  v a r i a t i o n s  o f  m a l e  a n d  f e m a l e  g o n a d  
i n d i c e s  w e r e  f o u n d  t o  b e  e s s e n t i a l l y  i n  a g r e e m e n t ,  t h o u g h  l a g g i n g  b e h i n d  
s e a  t e m p e r a t u r e  c h a n g e s .  
T h e  s p a w n i n g  p e r i o d s  o f  u r c h i n s  a t  b o t h  s t u d y  
s i t e s  w a s  s i m i l a r ,  o c c u r r i n g  i n  s p r i n g  a n d  a u t u m n ,  d e s p i t e  t h e  s i g n i f i c a n t l y  
d i f f e r e n t  w a t e r  t e m p e r a t u r e  a v e r a g e s .  A  c l e a r  p a t t e r n  w a s  o b s ~ r v e d  a t  
M i l l e r s  P o i n t ,  w h i l e  b e i n g  p o o r l y  d e f i n e d  a t  R o b b e n e i l a n d .  T h i s  i s  i n  
a g r e e m e n t  w i t h  t h e  f i n d i n g s  o f  N e w m a n  ( 1 9 6 7 ,  1 9 6 9 ) ,  w h o s e  o b s e r v a t i o n s  
i n c l u d e d  d a t a  f r o m  S t .  H e l e n a  B a y  t o  b e y o n d  P o r t  E l i z a b e t h .  
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h i g h e r  s p a w n i n g  i n t e n s i t i e s  a t  l o c a l i t i e s  h a v i n g  a  c l e a r  s e a s o n a l  p a t t e r n  
o f  s e a  t e m p e r a t u r e  v a r i a t i o n s ,  c o m p a r e d  t o  t h o s e  o f  l o w  s e a s o n a l i t y ,  i n  
o t h e r  w o r d s ,  b e t t e r  s y n c h r o n y  o f  g a m e t e  r e l e a s e .  A  p o s s i b l e  m e c h a n i s m  
w a s  m e n t i o n e d  b y  G i e s e  &  P e a r s e  ( 1 9 7 4 ) ,  s u g g e s t i n g  t h a t  t h e  r i p e s t  i n d i v i d u a l s  
m a y  b e  i n d u c e d  t o  s p a w n  b y  a  s h a r p  t e m p e r a t u r e  c h a n g e ,  t h e r e b y  s t i m u l a t i n g  
o t h e r  l e s s  m a t u r e  i n d i v i d u a l s  t o  f o l l o w  s u i t .  T h e  d e g r e e  o f  p e r t u r b a t i o n  
n e c e s s a r y  t o  i n i t i a t e  s u c h  a  s e q u e n c e  c a n  v e r y  w i d e l y .  
M a n y  s p e c i e s  a r e  
k n o w n  t o  h a v e  b r e e d i n g  s e a s o n s  i n  a r e a s  w h e r e  t e m p e r a t u r e  f l u c t u a t i o n s  a r e  
s l i g h t ,  s u c h  a s  p a r t s  o f  t h e  p o l a r ,  t r o p i c a l  a n d  a b y s s a l  o c e a n .  
M y  o b ~ e r v a t i o n s  i n d i c a t e  t h a t  a  c o n f u s e d  t e m p e r a t u r e  r e g i m e ,  i n v o l v i n g  r a p i d  
c h a n g e s ,  s u c h  a s  o c c u r  d u r i n g  p e r i o d i c  u p w e l l i n g  c y c l e s ,  r e s u l t s  i n  r e p e a t e d ,  
i n c o m p l e t e  s p a w n - o u t s .  C o n s e q u e n t l y ,  g o n a d  i n d i c e s  a r e  a l w a y s  l o w e r  a t  
R o b b e n e i l a n d  t h a · n  a t  M i l l e r s  P o i n t .  U r c h i n s  a t  b o t h  l o c a l i t i e s  s h o w  a  
l o w  r e p r o d u c t i v e  s t a t u s  d u r i n g  w i n t e r .  S t a i n e d  h i s t o l o g i c a l  t h i n  s e c t i o n s  
w e r e  p r e p a r e d  o f  g o n a d  p o r t i o n s  o f  s e l e c t e d  u r c h i n s  o f  b o t h  s e x e s  c o v e r i n g  a l l  
_ m a t u r i t y .  ( g o n a d  i n d e x )  s t a g e s  a n d  c o m p a r e d  w i t h  l i p i d  v a l u e s  o b t a i n e d  f o r  
t h e  s a m e  r e s p e c t i v e  a n i m a l s .  
I t  w a s  f o u n d  t h a t  d u r i n g  m a t u r a t i o n ,  t h e r e  i s  a  
g r a d u a l  b u i l d  u p  o f  g a m e t e s  p a s s i n g  t h r o u g h  t h e  w e l l  k n o w n  d e v e l o p m e n t a l  s t a g e s ,  
r a t h e r  t h a n  a  s n a p  c o n v e r s i o n  o f  a c c u m u l a t e d  s t o r a g e  m a t e r i a l  ( I  o n l y  t e s t e d  
f o r  l i p i d  f o r  p r a c t i c a l  r e a s o n s )  i n t o  s p e r m s  o r  e g g s .  E v e n  r e l a t i v e l y  r e g r e s s e d  
{ l o w  g o n a d  i n d e x )  u r c h i n s  c o u l d  b e  i n d u c e d  t o  r e l e a s e  f e r t i l i z a b l e  s p a w n ,  b y  
i n j e c t i o n  o f  p o t a s s i u m  c h l o r i d e  s o l u t i o n .  L i p i d  v a l u e s  f o r m  a  s u r p r i s i n g l y  
s m a l l  p o r t i o n  o f  t h e  t o t a l  d r y  m a s s  o f  t h e  u r c h i n ,  w h e n  i t  i s  r e a l i s e d  t h a t  i t  
i s  t h e  g o n a d s  w h i c h  f u n c t i o n  a s  t h e  m a j o r  s t o r a g e  o r g a n  i n  a d d i t i o n  t o  t h e  
.  i n t e s t i n e  ( B o o l o t i a n ,  1 9 6 6 ) .  E x c e p t  f o r  a  f e w  h i g h ,  p o s s i b l y  s p u r i o u s ,  v a l u e s ,  
m a l e  1  i p i d  l e v e l s  w e r e  o n  t h e  w h o l e  l o w e r  t h a n  t h o s e  f o u n d  f o r  f e m a l e s .  I t  
w o u l d  h a v e  b e e n  i n t e r e s t i n g  t o  h a v e  v a l u e s  f o r  g l y c o g e n  a s  w e l l  f o r  c o m p a r i s o n ,  
p a r t i c u l a r l y  s i n c e  c a l o r i f i c  v a l u e s  o b t a i n e d  f o r  r e p r e s e n t a t i v e  m a l e  a n d  
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f e m a l e  P a r e c h i n u s  b y  m i c r o - b o m b  c a l o r i m e t r y  w e r e  f o u n d  t o  b e  i n  v e r y  c l o s e  
a g r e e m e n t ,  i n  f a c t  p r a c t i c a l l y  i d e n t i c a l .  
T h e  s i g n i f i c a n t  m e a n  s i z e  d i f f e r e n c e s  b e t w e e n  u r c h i n s  o f  t h e  2  s t u d y  s i t e s  
c o u l d  b e  s h o w n  t o  b e  v e r y  1  i k e l y  d u e  t o  t h e  a v a i l a b i l i t y  o f  f o o d .  T h i s  w a s  
s h o w n  b y  a  c o m p a r i s o n  o f  g u t  s t a t e s  o f  u r c h i n s  c o l l e c t e d  d u r i n g  t h e  p e r i o d  
o f  s t u d y .  A l t h o u g h  i t  i s  t r u e  t h a t  s u s p e n d e d  f o o d  m a t e r i a l  i s  m o r e  p l e n t i f u l  
i n  a n  u p w e l l i n g  l o c a l i t y ,  l i k e  R o b b e n e i l a n d  a n d  u n l i k e  M i l l e r s  P o i n t ,  t h i s  
s i t u a t i o n  i s  o n l y  i m p o r t a n t  t o  t h e  p l a n k t o n i c  a n d  r e c e n t l y  s e t t l e d  j u v e n i l e  
s t a g e s  o f  P a r e c h i n u s .  
O n c e  t h e  a n i m a l  h a s  r e a c h e d  a  t e s t  d i a m e t e r  o f  
1 0  m m  ( G r e e n w o o d ,  1 9 8 0 ) ,  m a c r o s c o p i c  a n d  a t t a c h e d  f o o d  s o u r c e s  A~~ r e q u i r e d .  
I n  t h i s  r e s p e c t  R o b b e n e i l a n d  i s  c l e a r l y  l i m i t i n g .  
H e n c e  u r c h i n s  o f  a  s m a l l e r  
m e a n  s i z e  r e l a t i v e  t o  M i l l e r s  P o i n t  e n t e r  t h e  r e p r o d u c t i v e  l i f e  e y e . l e ,  s i n c e  
o n l y  t h a t  f r a c t f o n  o v e r  a n d  a b o v e  t h e  a n i m a l  
1
s  m e t a b o l i c  r e q u i r e m e n t s  i s  
a v a i l a b l e  f o r  g r o w t h  a n d  r e p r o d u c t i o n .  
T h e  s i g n i f i c a n t l y  l o w e r  ( o n e  q u a r t e r )  
g a m e t e  o u t p u t  o f  u r c h i n s  f r o m  R o b b e n e i l a n d  i s  e v i d e n c e  o f  t h i s  f a c t .  
R e c r u i t m e n t  o f  P a r e c h i n u s  i n t o  t h e  b e n t h o n i c  s t a g e  a p p e a r s  t o  b e  s t r o n g l y  
d e p e n d e n t  o n  s u b s t r a t e ,  i n  t h a t  t h e  e r o d e d ,  s l a t y  s t r u c t u r e  o f  t h e  r e e f s  
a t  R o b b e n e i l a n d  a f f o r d  m a n y  s u i t a b l e  m i c r o h a b i t a t s  t o  j u v e n i l e s  a t  t h i s  
p a r t i c u l a r l y  v u l n e r a b l e  s t a g e ,  w h i l e  t h e  r o u n d e d  g r a n i t e  b o u l d e r  t e r r a i n  a t  
M i l l e r s  P o i n t  d o e s  n o t  o f f e r  a  c o m p a r a b l e  n u m b e r  a n d  c h o i c e  o f  s u c h  s i t e s .  
T e g n e r  a n d  D a y t o n  ( 1 9 7 7 )  s h o w e d  t h a t  s u b s t r a t e  t y p e  m a y  p l a y  a n  i m p o r t a n t  
r o l e  i n  t h e  r e c r u i t m a i t o f  a  C a l i f o r n i a n  s p e c i e s ,  S t r o n g y l o c e n t r o t u s  p u r p u r a ~ u s ,  
w h i c h  l i k e  P a r e c h i n u s  i s  f l e x i b l e  i n  i t s  r e c r u i t m e n t  b e h a v i o u r ,  w h i c h  m e a n s  
t h a t  t h e  u r c h i n s  s e l e c t  s u i t a b l e  s i t e s  f r o m  a  r a n g e  o f  c h o i c e s ,  w h i l e  
- S .  f r a n c i s c a n u s  j u v e n i l e s  s h e l t e r  u n d e r  t h e  s p i n e  c a n o p y  o f  a d u l t s .  
T h e  s i z e  
c l a s s  s t u d y  s i t e s  m u s t  b e  s e e n  i n  t h i s  l i g h t .  
I n  e f f e c t  t h e n  w e  h a v e  a  
s i t u a t i o n ,  w h e r e  s u b s t r a t e  t y p e  a n d  a v a i l a b i l i t y  j o i n t l y  s e l e c t  a g a i n s t  t h e  
s m a l l e r  s i z e  c l a s s e s  a t  M i l l e r s  P o i n t .  
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T h e  s t r o n g l y  c o n t a g i o u s  d i s t r i b u t i o n  o f  P a : l ' e c h i n u s  i s  v e r y  l i k e l y  a  r e s p o n s e  
t o  t h e  p r o x i m i t y  o f  f o o d .  S i n c e  d e b r i s  t e n d s  t o  a c c u m u l a t e  o n  h o r i z o n t a l  
s u r f a c e s ,  u r c h i n s  c a n  b e  e x p e c t e d  t o  b e  m o r e  n u m e r o u s  t h e r e  t h a n  o n  i n c l i n e d  
s u b s t r a t e .  
T h i s  w a s  f o u n d  t o  b e  t r u e  i n  a  s t u d y  b y  V e l  i m i  r o v  e t  a l .  ( 1 9 7 7 ) ,  
w h o  m a d e  t h e  d i v i d i n g  l i n e  b e t w e e n  h o r i z o n t a l  a n d  v e r t i c a l  a t  4 5 °  i n c l i n a t i o n .  
I n  a d d i t i o n  m i n o r  a d j u s t m e n t s  a c c o r d i n g  t o  s e a  s t r a t e  t a k e  p l a c e .  I t  w a s  
f o u n d  t h a t  u n d e r  t u r b u l e n t  c o n d i t i o n s  u r c h i n s  s h e l t e r  o n  r o c k f a c e s  a w a y  f r o m  
I  
t h e  s e a  a n d  u n d e r  o v e r h a n g s  t o  a v o i d  s t r o n g  s w e l l  a c t i o n  a n d  c o n t a c t  w i t h  
l o o s e  m a t e r i a l  s u c h  a s  t o r n  o f f  k e l p  p l a n t s .  
P r e d a t i o n  w a s  n o t  s t u d i e d  a n d  t h e r e f o r e  o n l y  t e n t a t i v e  i m p r e s s i o n s  g a i n e d  
p e r  c h a n c e  i n  t h e  f i e l d  a r e  a t  h a n d .  
R o b b e n e i l a n d  l y i n g  i n  a  s e c u r i t y  a r e a  
i s  l a r g e l y  u n d i s t u r b e d  a n d  h a r b o u r s  m a n y  r o c k  l o b s t e r s  ( J a s u s  l a l a n d i i ) ,  w h i c h  
p r e y  o n  P a : l ' e c h i n u s  i n  a d d i t i o n  t o  t h e i r  m a i n  f o o d ,  t h e  r i b b e d  m u s s e l  ( A u l a c o m y a  
a t e r ) .  I n d e e d  l o b s t e r s  w e r e  s e e n  t o  f e e d  o n  u r c h i n s  o n  a  n u m b e r  o f  o c c a s i o n s ,  
a p p a r e n t l _ y  s e l e c t i n g  t h e  s m a l l e r  i n d i v i d u a l s .  
r a r e  f o r  m a n y  y e a r s  t h r o u g h  o v e r e x p l o i t a t i o n .  
A t  M i l l e r s  P o i n t  J a s u s  h a s  b e e n  
T h e r e  a p p e a r s  t o  b e  n o  s i g n i f i c a n t  d e p a r t u r e  f r o m  t h e  1  : 1  s e x · r a t i o  a t  e i t h e r  
s i t e  a c c o r d i n g  t o  C h i - s q u a r e  a n a l y s i s .  H o w e v e r ,  a  m o r e  p o w e r f u l  a n a l y s i s  
o f  v a r i a n c e  a n d  c o - v a r i a n c e  i n d i c a t e d  a  h i g h e r  n u m b e r  o f  m a l e s  a t  R o b b e n e i l a n d .  
T h e  d i s c r e p a n c y  m a y  b e  d u e  t o  t h e  f a c t  t h a t  w h i l e  C h i - s q u a r e  a n a l y s i s  w a s  d o n e  
o n  s m a l l  ( 3 0  b a t c h e s  o f  u r c h i n s  c o l l e c t e d  o n  a  m o n t h l y  b a s i s  a n d  c o m p r i s i n g  
m a i n l y  s e x u a l l y  m a t u r e i n d i v i d u a l s  a t  v a r i o u s  s t a g e s  o f  g o n a d a l  d e v e l o p m e n t ,  
t h e  A n o v a  i n v o l v e d  m a t e r i a l  o b t a i n e d  d u r i n g  s e a s o n a l  t r a n s e c t s  i n c l u d i n g  a  
w i d e  r a n g e  o f  s i z e  c l a s s e s ,  p a r t i c u l a r l y  a t  R o b b e n e i l a n d  .  I n d e t e r m i n a t e  
u r c h i n s  w e r e  e x c l u d e d  f r o m  t h e  a n a l y s i s ,  b u t  n e v e r t h e l e s s ,  m i s i d e n t i f i c a t i o n s  
f a v o u r i n g  m a l e s  d i d  o c c u r .  I t  w o u l d  t h e r e f o r e  a p p e a r  t h a t  t h e r e  i s  l i t t l e  
r e a s o n  t o  a s s u m e  t h a t  t h e  s e x  r a t i o  o f  P a r e c h i n u s  i s  s i g n i f i c a n t l y  u n s y m m e t r i c a l .  
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T h i s  w o u l d  a l s o  b e  i n  c o n f l i c t  w i t h  t h e  f i n d i n g s  o n  o t h e r  m a r i n e  i n v e r t e b r a t e s .  
I n  c o n c l u s i o n  i t  c a n  b e  s a i d  t h a t  R o b b e n e i l a n d  r e p r e s e n t s  a  g o o d  e x a m p l e  
o f  o v e r - p o p u l a t i o n ,  w h i c h  f a c t  c o u l d  h a v e  s i g n i f i c a n c e  i n  t e r m s  o f  a  p o s s i b l e  
l u x u r y  f i s h e r y  b y  c o n t r o l l e d  c r o p p i n g .  T h e  f a v o u r a b l e  c o n d i t i o n s  f o r  n e w l y  
s e t t l e d  l a r v a e  a n d  e a r l y  j u v e n i l e s  s e e m  t o  r e p r e s e n t  a  s t a b l e  s i t u a t i o n .  
R E F E R E N C E S  
B O O L O T I A N ,  R .  A .  1 9 6 6 .  
P h y s i o l o g y  o f  t h e  E c h i n o d e r m a t a .  
J o h n  W i l e y  &  
S o n s ,  N . Y .  
O A Y ,  J . H . ,  1 9 7 4 .  A  G u i d e _ t o  M a r i n e  L i f e  o n  S o u t h  A f r i c a n  S h o r e s .  
A .  A  .  B a  I  k e m a  ,  
G i e s e ,  A . C .  &  P e a r s e  J . S .  1 9 7 4 .  
R e p r o d u c t i o n  o f  M a r i n e  I n v e r t e b r a t e s :  
V o l u m e  
N . Y  &  L o n d o n .  
G R E E N W O O D ,  P . G . ,  1 9 8 0 .  i n  p r e s s .  
G r o w t h ,  R e s p i r a t i o n  a n d  T e n t a t i v e  E n e r g y  
B u d g e t s  f o r  t w o  P o p u l a t i o n s  o f  t h e  S e a  U r c h i n  P a r e c h i n u s  a n g u Z o s u s  ( L e s k e ) .  
E s t u a : r .  c s t Z .  m a r .  S c i . _ ! . Q . ,  1 ~ 2 2 .  
N E ~ M A N ,  G . G .  1 9 6 7 .  
R e p r o d u c t i o n  o f  t h e  S o u t h  A f r i c a n  A b a l o n e  ( H a Z i o t i s  m i d a e )  
D i v i s i o n  o f  S e a  F i s h e r i e s  I n v e s t i g a t i o n a Z  R e p o r t  N o .  6 4 ,  1 - 2 4 .  
N E W M A N ,  G .  G . ,  1 9 6 9 .  
D i s t r i b u t i o n  o f  t h e  A b a l o n e  ( H a Z i o t i s  m i d a e )  a n d  t h e  
e f f e c t  o f  t e m p e r a t u r e  o n  p r o d u c t i v i ' t y .  
I n v e s t i g a t i o n a Z  R e p o r t  N o .  7 4 ,  1 - 7 .  
D i v i s i o n  o f  S e a  F i s h e r i e s  
T E G N E R ,  M . J .  &  D A Y T O N ,  P . K . ,  1 9 7 7 ,  
S e a  u r c h i n  r e c r u i t m e n t  p a t t e r n s  a n d  
i m p l i c a t i o n s  o f  c o m m e r c i a l  f i s h i n g .  
S c i e n c e  1 9 6 :  3 2 4 - 3 2 6 .  
V E L I M I R O V ,  B . ,  F I E L D ,  J . G . ,  G R I F F I T H S ,  C . L .  &  Z O U T E N D Y K ,  P .  1 9 7 7 ,  T h e  
e c o l o g y  o f  k e l p  b e d  c o m m u n i t i e s  i n  t h e  B e n g u e l a  u p w e l l i n g  s y s t e m .  
H e Z g o Z a n d e r  w i s s .  M e e r e s u n t e r s . 3 0 ,  4 9 5 - 5 1 8 .  
I  
1 ,  
F r o n t i s p i e c e .  
t ,  
D e n s e  c o l o n y  o f  P .  a n g u l o s u s  o n  t h e  w e s t e r n  s i d e  o f  t h e  
C a p e  P e n i n s u l a  s h o w i n g  s o m e  a s s o c i a t e d  a n i m a l s .  ( S t a r f i s h ,  
s e a - c u c u m b e r s ,  m u s s e l s  a n d  w h e l k s .  A  s t a n d  o f  k e l p  
( L a m i n a r i a  a n d  E c k l o n i a )  i s  v i s i b l e  i n  t h e  b a c k g r o u n d .  
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S U M M A R Y  
T h e  w o r k  p r e s e n t e d  i n  t h e  f o l l o w i n g  c o v e r s  a  n a t u r a l  e x p e r i m e n t  
i n v o l v i n g  m e a s u r e m e n t s ,  c o l l e c t i o n s  a n d  o b s e r v a t i o n s  f o r  a  y e a r  a n d  
a  h a l f .  I n  a d d i t i o n
1
s o m e  a p p a r a t u s  h a d  t o  b e  s p e c i a l l y  c o n s t r u c t e d ,  
w h i c h  i s  d e s c r i b e d  i n  t w o  s e p a r a t e  p u b l i c a t i o n s ,  g i v i n g  a  b i o l o g i c a l  
e x a m p l e .  
M o r e  t h a n  8 0  d i v i n g  e x c u r s i o n s  w e r e  p e r f o r m e d  d u r i n g  w h i c h  
a  n u m b e r  o f  e c o l o g i c a l  a s p e c t s  o f  P G I ' e e h i n u s  a n g u Z o s u s  L e s k e ,  a n d  
i t s  i n t e r a c t i o n  w i t h  l o c a l  k e l p s  w e r e  s t u d i e d .  
P G I ' e e h i n u s  i s  a  v e r y  c o m m o n  e c h i n o i d  a r o u n d  t h e  P e n i n s u l a ,  
i n h a b i t i n g  r o c k y  s u b s t r a t e  o n  t h e  w e s t  c o a s t  a n d  F a l s e  B a y  s i d e s  o f  
t h e  C a p e  P e n i n s u l a  a n d  s o m e t i m e s  f o r m i n g  d e n s e ,  p a t c h y  j : ' . J ! ) ' J l a t i o n s  
e x c e e d i n g  1 0 0  u r c h i n s  m -
2  
I n t e r e s t  i n  t h e  e c o l o g y  o f  t h i s  s p e c i e s  
s t e m s  f r n m  n u m e r o u s  r e p o r t s  o f  t h e  g r e a t  i m p a c t  a n o t h e r  f o r m  
( S t r o n g y Z o e e n t r o t u s  p u r p u r a t u s )  i s  c a u s i n g  t o  k e l p  s t a n d s  i n  C a n a d a  
a n d  o n  t h e  ~ J e s t  C o a s t  o f  t h e  U n i t e d  S t a t e s .  L i k e  i t s  c o u n t e r - p a r t ,  
P a r e e h i n u s  i s  a s s o c i a t e d  w i t h  m a j o r  k e l p  s p e c i e s .  I  n  a  1  o c a  1  ,  w e  I  l  
a d v a n c e d  s t u d y  ( V e l  i m i  r o v  ~ ~ - ,  1 9 7 7 ;  F i e l d ~  a . ! . . : _ ,  1 9 7 7 )  
P G I ' e e h i n u s  w a s  c o n s i d e r e d  t o  b e  m a i n l y  a n  i m p o r t a n t  d e t r i t u s  f e e d e r ,  
b u t  w a s  s u b s e q u e n t l y  a l s ~  f o u n d  t o  g r a z e  o n  y o u n g  k e l p  s p o r o p h y t e s .  
T e n t a t i v e  c o m m e r c i a l  i n t e r e s t  i n  i t s  e x p l o i t a t i o n  a s  a  l u x u r y  
f i s h e r y  h a s  a d d e d  t o  t h e  p e r t i n e n c e  o f  t h i s  w o r k .  
T h e  e x i s t e n c e  o f  t w o  d i f f e r e n t  m a r i n e  t e m p e r a t u r e  r e g i m e s  a r o u n d  
t h e  p e n i n s u l a  p r o v i d e d  a n  o p p o r t u n i t y  f o r  t h e  s y n o p t i c  s t u d y  o f  t h e  
r o l e  o f  w a t e r  t e m p e r a t u r e  o n  t h e  r e p r o d u c t i v e  r h y t h m  o f  P G I ' e c h i n u s .  
R e c o r d s  o f  d a i l y  s u r f  m e a s u r e m e n t s  b y  l o c a l  a u t h o r i t i e s  p r o v e ~  t o  
b e  u n r e p r e s e n t a t i v e  o f  i n  s i t u  c o n d i t i o n s  a t  t h e  s t u d y  s i t e s  a t  
R o b b e n  E i l a n d  a n d  M i l l e r s  P o i n t .  T h i s  d i s c r e p a n c y  w a s  n o t  u n e x p e c t e d ,  
c o n s ( d e r i n g  t h e  c o m p l e x  h y d r o g r a p h y  o f  i n s h o r e  w a t e r s  ( H a r r i s ,  1 9 7 8 ) .  
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I t  b e c a m e  n e c e s s a r y  t h e r e f o r e  t o  i n s t a l  s e n s i n g  i n s t r u m e n t s  c a p a b l e  
o f  r e c o r d i n g  t e m p e r a t u r e  v a r i a t i o n s  o v e r  e x t e n d e d  p e r i o d s .  A  
s i m p l e  b i - m e t a l  h e l i x  c l o c k w o r k - d r i v e  s y s t e m  i n  a  w a t e r t i g h t  e n c l ~ ~ u r e  
w a s  f o u n d  s a t i s f a c t o r y  a n d  r o b u s t  t o  w i t h s t a n d  t h e  r o u g h  s e a  f o r  
w h i c h  t h e  C a p e  i s  k n o w n .  ( T h e  m e t h o d  h a s  b e e n  a l s o  a d o p t e d  b y  t h e  
S e a  F i s h e r i e s  B r a n c h ) .  T h e  t i m e  r e s o l u t i o n  o f  t h e  i n s t r u m e n t s  w a s  
u n f o r t u n a t e l y  i n s u f f i c i e n t  t o  y i e i d  m o r e  t h a n  o n e  d a i l y  m a x i m u m  a n d  
m i n i m u m  r e a d i n g .  
F o r  t h i s  r e a s o n  t e m p e r a t u r e  p e r s i s t e n c e  g r a p h s _  
{ A i n s l i e ,  1 9 7 1 ) ,  w h i c h  a r e  v e r y  i n f o r m a t i v e  i n  s e a s o n a l  s t u d i e s  c o u l d  
n o t  b e  c o n s t r u c t e d .  
T h e  r e p r o d u c t i v e  r h y t h m  o f  P a r e c h i n u s  w a s  m o n i t o r e d  b y  m o n t h l y  
c o l l e c t i o n s  o f  m a t u r e  u r c h i n s  a t  s e l e c t e d  p o i n t s  o n  t h e  s ~ u d y  : ; t z s .  
T h e  s e a s o n a l  v a r i a t i o n s  i n  g o n a d  i n d e x ,  s u g g e s t e d  a  b i - a n n u a l  s p a w n i n g  
c y c l e  a t  b o t h  s i t e s  i n  s p r i n g  a n d  a u t u m n .  T h i s  e v i d e n c e  w a s  s u p p o r t e d  
b y  l i p i d  a s s a y s  o f  s u b s a m p l e s  o f  t h e  s a m e  u r c h i n s  a n d  s e l e c t e d  
h i s t o l o g i c a l  s e c t i o n s  o f  g o n a d  m a t e r i a l .  
I t  a p p e a r s  t h a t  t e m p e r a t u r e  
i s  p r o b a b l y  n o t  t h e  o n l y  p h y s i c a l  f a c t o r  r e g u l a t i n g  s p a w n i n g  ( a l t h o u g h  
m o s t  l i k e l y  a c t i n g  a s  p r o x i m a t e  t r i g g e r ) ,  b u t  t h a t  l i g h t  m a y  b e  i n v o l v e d  
a s  w e l l ,  s i n c e  g a m e t e  r e l e a s e  a t  b o t h  s i t e s  o c c l J r s  d u r i n g  s e a s o n s  o f  
s i m i l a r  p h o t o p e r i o d ,  b y  u r c h i n s  e x p e r i e n c i n g  s i g n i f i c a n t l y  d i f f e r e n t  
w a t e r  t e m p e r a t u r e  r e g i m e s .  A  g o n a d  o u t p u t  c a l c u l a t i o n  s h o w e d  a  f o u r  
t i m e s  h i g h e r  v a l u e  f o r  M i l l e r s  P o i n t  t h a n  f o r  R o b b e n  E i l a n d .  
R E F E R E N C E S  
A I N S L l E ,  1 9 7 1 .  M e e t i n g  t h e  o f f s h o r e  l n d u s t r y ' s  o c e a n o g r a p h i c  d a t a  n e e d s .  
F r o m  a  p a p e r  p r e p a r e d  f o r  t h e  O f f s h o r e  S c o t l a n d  C o n f e r e n c e ,  A b e r d e e n .  
F I E L D ,  V . G . , _ J } \ R M A N ,  N . G . ,  D I E C K M A N N ,  G . S . ,  G R I F F I T H S ,  C . L . ,  V E L I M I R O V ,  B .  
a n d  Z O U T E N D Y K ,  P .  1 9 7 7 .  S u n ,  w a v e s ,  s e a w e e d  a n d  1  o b s  t e  r s :  t h e  
d y n a m i c s  o f  a  W e s t  C o a s t  k e l p - b e d .  S .  A f r .  J .  S c i . ,  7 3 :  7 - 1 0 .  
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H A R R I S ,  T . F . W .  1 9 7 8 .  
R e v i e w  o f  c o a s t a l  c u r r e n t s  i n  S o u t h e r n  A f r i c a n  
w a t e r s .  S .  A f r i c a n  N a t i o n a l  S c i e n t i f i c  P r o g r a m m e s  R e p o r t  N o .  3 0 :  
1  - 1 0 3 .  1 9 6 6 .  
V E L I M I R O V ,  B . ,  F I E L D ,  J . G . ,  G R I F F I T H S ,  C . L .  &  Z O U T E N D Y K ,  P .  1 9 7 7 .  
T h e  e c o l o g y  o f  k e l p  b e d  c o m m u n i t i e s  i n  t h e  B e n g u e l a  u p w e l l i n g  
s y s t e m .  
I I  
H e l g o l a n d e r  ~ i s s .  M e e r e s u n t e r s .  3 0 :  4 9 5  - 5 1 8 .  
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P A R T  1  A s p e c t s  o f  t h e  P o p u  1  a t  i . o n  s t r u c t u r e  o f  P a 1 . ~ m h i t i u s .  a n g u f o s u s  
L e s k e ,  a  c o m m o n  e c h i n o i d  a r o u n d  t h e  C a p e  P e n i n s u l a .  
P A R T  I t  K e l p  g r a z i n g  b y  t h e  c o m m o n  s e a - u r c h i n  P a r r o h i n 1 A s  m g u Z o s u s  
L e s k e  i n  F a l s e  B a y ,  C a p e .  
~ ·  
P A R T  l i t  R e p r o d u c t i v e  r h y t h m s .  a n d  t h e  r o l e  o f  t e m p e r a t u r e  i , n  t h e  r e g u l a r  
e c h i n o i d  P a r e : J h i n u s  m g : u l o s u s  L e s k e  i n  t w o  d i f f e r e n t  m a r i n e  
e n v i r o n m e n t s  a r o u n d  t h e  C a p e  P e n i n s u l a  .  
P A R T  l V  T e m p e r a t u r e  r e c o r d i n g  i n  s h a l l o w  m a r i n e  e n v i r o n m e n t s .  
P A R T Y  A  d i s t a n c e  m e a s u r i n g  w h e e l  f o r  e s t i m a t i n g  s u b s t r a t e  s u r f a c e  a r e a  
( w i t h  a  b i o l o g i c a l  e x a m p l e ) .  
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P A R T  I  
A S P E C T S  O F  T H E  P O P U L A T I O N  S T R U C T U R E  O F  P A R E C H I N U S  A N G U I D S U S  L E S K E ,  
A  C O M M O N  E C H I N O I D  A R O U N D  T H E  C A P E  P E N I N S U L A  { R . ~ . A . )  
P A G E  
A B S T R A C T  
I N T R O D U C T I O N  
S T U D Y  S I T E S  
2  - 3  
M E T H O D S  
3  - 4  
R E S U L T S  
4  - 1 0  
D I S C U S S I O N  
J O  - 1 3  
C O N C L U S I O N S  
1 3  
A C  K N  O W L  E D G M E N T S  
j 4  
R E F E R E N C E S  
1 4  - 1 7  
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A S P E C T S  O F  P O P U L A T I O N  S T R U C T U R E  O F  P A R E C H I N U S  A N G U W S U S  L E S K E  
A  C O M M O N  E C H I N O I D  A R O U N D  T H E  C A P E  P E N I N S U L A  ( R S A }  
B y  
A . H .  f J H C K E  
N a t i o n a l  R e s e a r c h  I n s t i t u t e  f o r  O c e a n o l o g y  ( N R I O / C S f R ) ,  
~ o  D e p a r t m e n t  o f  O c e a n o g r a p h y ,  U n i v e r s i t y  o f  C a p e  T o w n ,  R o n d e b o s c h  7 7 0 0 ,  
a )  
b )  
P l a t e  1 .  P .  a n g u l o s u s  i n  i t s  n a t u r a l  h a b i t a t  a t  R o b b e n  E i l a n d ( a ) a n d  a t  
M i l l e r s  P o i n t ( b ) s h o w i n g  s u b s t r a t e  a n d  s o m e  a s s o c i a t i o n s .  A  k e l p  
b e d  i s  v i s i b l e  i n  t h e  b a c k g r o u n d  ( l b )  
#  
A B S T R A C T  
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A s p e c t s  o f  t h e  c o m m u n i t y  s t r u c t u r e  o f  P a r e c h - 2 : n u s  a n g u Z o s u s  
L e s k e ,  a  l o c a l l y  d o m i n a n t  e c h i n o i d  w e r e  s t u d i e d  i n  t w o  i n s h o r e  
t e m p e r a t u r e  e n v i r o n m e n t s  o n  t h e  C a p e  P e n i n s u l a  f o r  a  y e a r .  
S t r a t i f i e d ,  r a n d o m  t r a 1 1 s e c t s  c f  t e n  t o  t w e l v e  s t a t i o n s  w e r e  r u n  
s e a s o n a l l y  a c r o s s  t h e  a r e a s  o f  m a x i m u m  d e n s i t y  a t  e a c h  l o c a l i t y  
a n d  u r c h i n s  c o u n t e d ,  m e a s u r e d  a n d  s e x e d .  
P e r c e n t a g e  s u b s t r a t e  
c o v e r  w a s  c a l c u l a t e d  f r o m  p r o j e c t e d  t e s t  s u r f a c e  a r e a s  a s  a  
m e a s u r e  o f  s u b s t r a t e  o c c u p a t i o n .  V a r i a t i o n s  i n  u r c h i n  s i z e  w i t h  
d i s t a n c e  f r o m  s h o r e  w e r e  i n v e s t i g a t e d .  I n d i v i d u a l  a n d  c o m b i n e d  
e f f e c t s  o f  l o c a l i t y ,  s e a s o n ,  d i s t a n c e  ( a n d  d e p t h )  a n d  s e x  w e r e  
t e s t e d  b y  t h r e e  w a y  f a c t o r i a l  a n a l y s i s  o f  v a r i a n c e .  u s i n g  a n  
e x p a n d e d  B M D P  2 V  p r o g r a m m e .  
R e s u l t s  i n d i c a t e  t h a t  u r c h i n s  f o u n d  
a t  R o b b e n  E i l a n d ,  a  c o l d  \ ' 1 a t e r  l o c a l i t y ,  w e r e  o n  t h e  a v e r a g e  
s m a , l l e r ,  m o r e  n u m e r o u s  a n d  i n c l u d e d  m o r e  s i z e  c l a s s e s  t h a n  w a s  t h e  
c a s e  a t  M i l l e r s  P o i n t .  U r c h i n  d e n s i t y  c o u l d  n o t  b e  s f 1 0 · . · m  t o  
v a r y  w i t h  d i s t a n c e  f r o m  s h o r e  a t  e i t h e r  R o b b e n  E i l a n d  o r  M i l l e r s  
P o i n t ,  b u t  w a s  d e p e n d e n t  o n  t h e  o c c u r e n c e  o f  k e l p ,  i t s e l f  s u b s t r a t e  
a n d  d e p t h  c o n t r o l l e d  b y  l i g h t  p e n e t r a t i o n .  A  t e s t  o f  s e x  r a t i o s  
w a s  s i g n i f i c a n t ,  m a l e s  b e i n g  m o r e  n u m e r o u s .  N o  s e D s o n a l  e f f e c t  
o n  u r c h i n  d i s t r i b u t i o n  c o u l d  b e  s h o w n .  T h e r e  w a s  n o  i n t e r a c t i o n  
o f  f a c t o r s ,  e x c e p t  a  s m a l l  i n t e r a c t i o n  b e t w e e n  l o c a l i t y  a n d  s e a s o n .  
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B E K N O P T E  O O R S I G  
A s p e k t e  v a n  d i e  g e m e e n s k a p s t r u k t u u r  v a n  P a r e c h i n u s  a n g u l o s u s  
L e s k e ,  
1
n  e c h i n o i ~ d  w a t  p l a a s l i k  d o m i n a n t  i s ,  i s  ' n  j a a r  J a n k  i n  
t w e e  v e r s k i l l e n d e  a a n l a n d i g e  t e m p e r a t u u r o m g e w i n g s  a a n  w e e r s k a n t e  
v a n  d i e  K a a p s e  S k i e r e i l a n d  b e s t u d e e r .  G e s t r a t i f i s e e r d e  e w e k a n s i g e  
t r a n s e k t e  v a n  t i e n  t o t  t w a a l f  s t a s i e s  i s  s e i s o e n a a l  b y  a l b e i  
l o k a l  i t e i t e  u i t g e v o e r  d a a r  w a a r  d i e  m a k s 1 m u m  d i g t h e i d  v o o r g e k o m  h e t  
e n  d i e  s e e k a s t a i  i n g s  g e t e l ,  g e m e e t  e n  h u l  g e s l a g  b e p a a l .  P e r s e n t u e l e  
b o d e m b e d e k k i n g  i s  v a n a f  g e p r o j e k t e e r d e  t o e t s o p p e r v l a k t e s  a s  ' n  
m a a t s t a f  v a n  b o d e n b e s e t t i n g  b e r e k e n .  
V e r a n d e r i n g  i n  d i e  g r o o t t e  
v a n  i a d k a s t a i i n g s  m e t  a f s t a n d  v a n  d i e  s t r a n d  i s  o n d e r s o e k .  
l n d i v i d u e l e  e n  ~ e s a m e n t l i k e  e f f e k t e  v a n  l o k a l i t e i t ,  s e i s o e n ,  a f s t a n d  
( e n  d i e p t e )  e n  g e s l a g  i s  g e t o e t s  d e u r  d r i e r i g t i n g  f a k t o r i a a l -
a n a l i s e  m e t  b e h u l p  v a n  ' n  u i t g e b r e i d e  B M D P  2 V  p r o g r a m .  R e s u l t a t e  
d u i  d a a r o p  d a t  s e e k a s t a i i n g s  t e  R o b b e n e i l a n d ,  ' n  k o u e w a t e r l o k a l i t e i t ,  
g e m i d d e l d  k l e i n e r  e n  m e e r  t a l r y k  w a s  m e t  m e e r  g r o o t t e k l a s s e  a s  b y  
M i  J  l e r s p u n t .  B e v o l k i n g s d i g t h e i d  v a n  s e e k a s t a i i n g s  w a s  n o g  b y  
R o b b e n e i l a n d  n o g  b y  M i l l e r s p u n t  a f h a n k l i k  v a n  a f s t a n d  v a n  d i e  s t r a n d ,  
m a a r  w a s  w e !  a f h a n k l  i k  v a n  d i e  v o o r k o m s  v a n  k e l p ,  w a t  s e l f  t e n  
o p s i g t e  v a n  s u b s t r a a t  e n  d i e p t e  d e u r  l i g i n d r i n g i n g  b e h e e r  w o r d .  
1
n  T e e t s  v i r  g e s l a g s v e r h o u d i n g  h e t  b e v e s t i g  d a t  d a a r  ' n  g r a t e r  
a a n t a l  m a n n e t j i e s  w a s .  
G e e n  s e i s o e n a l e  v e r s k i l l e  i n  s e e k a s t a a i n g -
v e r s p r e i d i n g  k o n  a a n g e t o o ~  w o r d  n i e .  
D a a r  w a s  g e e n  w i s s e l w e r k i n g  
t u s s e n  f a k t o r e  n i e  b e h a l w e  
1
n  k l e i n e  t u s s e n  l o k a l l t e i t  e n  s e i s o e n .  
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I N T R O D U C T I O N  
T h e  d e n s e  c o n c e n t r a t i o n s  o f  P .  a n g u Z o s u s  a r o u n d  t h e  C a p e  
P e n i n s u l a ,  c l o s e l y  a s s o c i a t e d  w i t h  l u x u r i a n t  s t a n d s  o f  E c k Z o n i a  
m a . x i m a  a n d  L a m i n a r i a  p a Z Z i d a ,  f o r m  a  c o n s p i c u o u s  f e a t u r e  o f  t h e  
b e n t h o s  t o  a  d e p t h  o f  s o m e  2 0  m .  
P a r e c h i n u s  i s  e a s i l y  t h e  m o s t  
c o m m o n  e c h i n o i d  a r o u n d  t h e  p e n i n s u l a  a n d  i t s  n u m b e r s  a r e  h i g h  
w h e n  c o m p a r e d  w i t h  f i g u r e s  g i v e n  f o r  s p e c i e s  e l s e w h e r e ,  s u c h  a s  
E c h i n u s  e s c ~ u z e n t u s  ( N i  c h o  1  s  1 9 7 9 ) ,  S t r o r . . g y Z o c e n t r o t u s  f r a n a i s c a r : u s  
a n d  S .  p u r p u r a t u . - : :  ( M a t t i s o n  e t ~ - 1 9 7 7 ) ,  S .  d r o e b a c h i e n s i s  ( B r e e n  
a n ~  r - . a n n  1 9 7 6  a  &  b ,  M a n n  1 9 7 7 ) ,  S t r o n g y Z o c e n t r o t u s  s p p .  ( L o w r y  
a n d  P e a r s e  1 9 7 3 ) ,  L y t e c h i n u s  a n a m e s u s  ( L e i g h t o n  ~ ~ .  1 9 6 6 ) .  
T h e  f e e d i n g  p a t t e r n  o f  s o m e  s p e c i e s  s u c h  a s  S .  i n t e r m e d - Z : u s  ( F u j i  
a n d  K a w a m u r a  1 9 7 0 ;  L e i g h t o n  1 9 6 6 )  a n d  S .  p u Z c h e r r i m u s  ( N a g a i  a n d  
K a n e k o  1 9 7 5 )  l e d  t o  n u m e r o u s  f i e l d  s t u d i e s  p a r t i c u l a r l y  i n  v i e w  o f  
t h e  s e v e r e  i m p a c t  o n  k e l p  b e d s  i n  C a l i f o r n i a  a n d  o n  t h e  e a s t  c o a s t  
o f  C a n a d a  b y  S t r o n g y Z o c e n t r o t u s  s p .  ( B r e e n  a n d  M a n n  1 9 7 6 ;  ~ a n n l 9 7 7 ;  
L a n g  a n d  M a n n  1 9 7 6 ;  N o r t h  a n d  P e a r s e  1 9 7 0 ,  S i n e n s t a d  ~~- 1 9 7 8 ) .  
P e r s o n a l  o b s e r v a t i o n s  i n  t h e  f i e l d  a n d  m e a s u r e m e n t s  i n  t h e  l a b o r a t o r y  
( B u x t o n  1 9 7 7 ;  A n d e r s o n ,  i n  p r e p ) ,  i n d i c a t e  t h a t  P .  a n g u Z o s u s  
p o s s e s s e s  a  s i m i l a r  a p p e t i t e  b u t  m e r e l y  r e d u c e s  t h e  c l i m a x  s i t u a t i o n  
r a t h e r  t h a n  c a u s i n g  v i s i b l e  d a m a g e  ( F r i c k e  1 9 7 9 ) .  T h e  i m p e t u s  f o r  
t h e i r  s t u d y  w a s  g i v e n  b y  t h e  n e e d  t o  d i s c o v e r  w h e t h e r  d i f f e r e n c e s  
f o u n d  i n  t h e  r e p r o d u c t i v e  r h y t h m  o f  P a r e c h i n u s  i n  t w o  d i f f e r e n t  
a q u a t i c  t e m p e r a t u r e  e n v i r o n m e n t s  a r o u n d  t h e  p e n i n s u l a  ( F r i c k e  1 9 7 5 ;  
F r i c k e , i n  p r e p )  a l s o  e x t e n d e d  t o  c o n t r a s t s  i n  t h e  p o p u l a t i o n  s t r u c t u r e  
o f  t h f s  e c h i n o i d .  
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S t u d y  s i t e s :  
P l a t e  l a  &  b )  
T w o  d i s t i n c t  m a r i n e  t e m p e r a t u r e  r e g i m e s  e x i s t i n g  a r o u n d  t h e  
p e n i n s u l a  1 F r i c k e ,  1 9 7 5 )  r e s u l t e d  i n  t h e  c h o i c e  o f  o n e  s t u d y  s i t e  
o n  t h e  w e s t  c o a s t  a n d  o n e  i n  F a l s e  B a y  ( F i g .  1 ) .  
C o n t i n u o u s  
r e c o r d s  o f  w a t e r  t e m p e r a t u r e  o n  t h e  s e a  b o t t o m  a r e  a v a i l a b l e  f o r  
b o t h  l o c a l i t i e s  ( F r i c k e  1 9 7 5 )  a n d  s h o w e d  s i g n i f i c a n t  d i f f e r e n c e s .  
T y p i c a l i t y  o f  f a u n ~ l  a n d  f l o r a l  a s s e m b l a g e  a n d  a b s e n c e  o f  p o l l u t i o n  
i n p u t s  r a n k e d  h i g h  i n  t h e  c h o i c e  o f  t h e  s t u d y  s i t e s .  T h e  F a l s e  
B a y  s i t e ,  a t  M i ! l e r s  P o i n t ,  t e n d s  t o  b e  m o r e  e x p o s e d  t o  s o u t h -
e a r ~ : r l y  w i n d s  a n d  w a v e s  d u r i n g  s p r i n g  a n d  s u m m e r .  T h e  s i t e  o n  
t h e  w e s t  c o a s t  ' R o b b e n  E i l a n d )  r e c e i v e s  h e a v y  r e f r a c t e d  t u r b u l e n c e  
d u r i n g  t h e  s o u t h e r n  w i n t e r .  
R o b b e n  E i l a n d  l i e s  i n  a  s e c u r i t y  a r e a  a n d  i s  t h e r e f o r e  l a r g e l y  
u n d i s t u r b e d .  
T h e  s e a  b o t t o m  c a n  b e  c o m p a r e d  t o  t h e  m e d i a t e  
a s s e m b l a g e s  d e s c r i b e d  b y  F i e l d ~ ~ - ( 1 9 7 7 ) ,  V e l  i m i  r o v  e t ~ - ( 1 9 7 7 )  
a t  O u d e k r a a l ,  e x c e p t  t h a t  t h e  s u b s t r a t e  a t  R o b b e n  E i l a n d  c o n s i s t s  o f  
l a m i n a t e d  M a l m e s b u r y  s l a t e s  a n d  p h y l l  i t e s ,  r a t h e r  t h a n  m a s s i v e  C a p e  
g r a n i t e .  T h e  k e l p  b e d  i s  c o m p o s e d  o f  c l u m p e d  s t a n d s  o f  E a k l o n i a  
m a x i m a  i n  s h a l l o w e r  w a t e r  a n d  o f  L a r n i n a r i a  p a l l i d a  a n d  M a a r o a y t i s  
' / . , _  
a n g u s t i f o l i a  f u r t h e r  o f f s h o r e .  
T h e  s t e e p l y  d i p p i n g  s u b s t r a t e  i s  
c o v e r e d  b y  m u l t i t i e r e d  i n v e r t e b r a t e  c o m m u n i t i e s  i n  w h i c h  A u l a a o m y a  
a t e r ,  P e n t a a t a  d o U o l w n ,  T h i o n e  a u r e u m  a n d  P .  a n g u f o s u s  d o m i n a t e  w i t h  
n u m e r o u s  s p o n g e s ,  a s c i d i a n s ,  b r y o z o a  a n d  s o f t  c o r a l s .  
P r a c t  i  c a  1 1  y  
n o  b a r e  r o c k  s u r f a c e  e x i s t s  e x c e p t  o n  r e e f s  o f  l o w  p r o f i l e  w h i c h  a r e  
e x p o s e d  t o  s w e e p i n g  s a n d  u n d e r  t u r b u l e n t  c o n d i t i o n s .  R e e f s  b e c o m e  
p a t c h y  f r o m  2 5 0  m  o f f s h o r e  g i v i n g  w a y  t o  a  s a n d y  b o t t o m .  
" ' 5  I  
" '  
,  
. . . . .  
"  .  "  
. .  ~ .
.  · '  ~ · ·  
. . .  J .  
'  
. .  ,  
n  
l  • ,  
. ,  
3 .  
T h e  s i t e  a t  M i l l e r s  P o i n t  i s  t y p i c a l  o f  w e s t e r n  F a l s e  B a y .  T h e  
i n s h o r e  c o n s i s t s  o f  r o u n d e d  g r a n i t e  b o u l d e r s  w i t h  s m a l l  i n t e r v e n i n g  
p a t c h e s  o f  q u a r t z  s a n d  y i e l d i n g  t o  f e a t u r e l e s s  s a n d  b o t t o m  a b o u t  
1 2 0  m  o f f s h o r e .  T h e  k e l p b e d  i s  a n  a l m o s t  p u r e  s t a n d  o f  E .  m a x i m a  
w i t h  B i f u r e a r i o p s i s  c a p e n s i s  a n d  P a c h y m e n i a  c a : r n o s a  f o r m i n g  t h e  
l a r g e r  s p e c i e s  o f  t h e  u n d e r s t o r e y .  M u c h  o f  t h e  r o c k  s u r f a c e  i s  
c o v e r e d  b y  t h e  c o r a l l i n e  a l g a  L i t h o t h a m n i o n .  F e w  b i v a l v e s  a n d  
e c h i n o d e r m s  o t h e r  t h a n  M a r t h a s t e r i a s  g l a c i a U s  a n d  O p h i o d e r m a A  a r e  f e o n c : S /  
s e e n .  T h e  b e n t h i c  c o m m u n i t y  i s  n o t  s t r u c t u r e d  i n  a  s e r i e s  o f  
l a y e r s  a s  a t  R o b b . : : n  E i l a n d ,  n e i t h e r  i s  w a t e r  d e p t h  a n y w h e r e  n e a r  
t h e  s i t e  g r e a t e r  t h a n  5  m .  
M E T H O D S :  
S a m p l i n g  p a t t e r n :  
F o u r  s e a s o n a l l y  s p a c e d  s t r a t i f i e d  r a n d o m  t r a n s e c t s  w e r e  l a i d  
p e r p e n d i c u l a r  t o  s h o r e  a c r o s s  e a c h  s t u d y  s i t e  f r o m  s u r v e y e d  b e n c h  
m a r k s  a s h o r e .  A  w e i g h t e d  l i n e  m a r k e d  a t  1  m  i n t e r v a l s  w a s  u s e d  
f o r  t h i s  p u r p o s e .  E v e r y  1 0  m e t e r  s e c t o r  w a s  s a m p l e d  r a n d o m l y  b y  
m e a n s  o f  a  0 , 2 5  m
2  
q u a d r a t  w i t h  o n e  m o v a b l e  s i d e  t o  f a c i l i t a t e  
o p e r a t i o n  a m o n g  k e l p  s t i p e s .  T h e  q u a d r a t  m e t h o d  o f  s a m p l i n g  
u s e d  h e r e  c a n  b e  r e g a r d e d  a s  a  m e a n i n g f u l  m e t h o d  g i v e n  t h e  d e n s i t i e s  
f o u n d ,  w h ! l e  a  p l o t l e s s  a p p r o a c h  i s  m o r e  s u i t a b l e  f o r  l o w  d e n s i t i e s  
( E b e r t ,  1 9 7 1 ) .  S u r f a c e s  s t e e p e r  t h a n  4 5 °  w e r e  n o t  s a m p l e d ,  s i n c e  
o b s e r v a t i o n s  b y  F i e  1  d  e t  ~ .  ( 1 9 7 8 )  s h m v e d  t h a t  P a r e c h i n u s  d e n s i t i e s  
d i f f e r  s i g n i f l c a n t l y  o n  s u c h  s u r f a c e s .  
4  
U r c h i n s  w e r e  c o l l e c t e d  i n  n u m b e r e d ,  p e r f o r a t e d  p l a s t i c  b a g s  
a n d  p r o c e s s e d  i n  t h e  l a b o r a t o r y  a l i v e .  
T h e i r  m a x i m u m  t e s t  
d i a m e t e r  w a s  m e a s u r e d  w i t h  c a l i p e r s  t o  t h e  n e a r e s t  m i  1 1  i m e t r e .  
T o t a l  d r a i n e d  w e t  m a s s  w a s  m e a s u r e d  t o  0 , 0 1  g .  
T h e  a n i m a l s  
w e r e  o p e n e d  a l o n g  t h e i r  e q u a t o r  a n d  t h e i r  s e x  e s t a b l i s h e d  
w h e r e v e r  p o s s i b l e .  
R E S U L T S  
T 1 e  d i s t r i b u t i o n  p a t t e r n  ( a g g r e g a t i o n )  o f  P .  a n g u Z o s u s  w a s  
t e s t e d  b y  c o n s i l : e r i n g  t h e  c o u n t s  p e r  q u a d r a t  o f  f o u r  s e a s o n a l  
t r a n s e c t s  a s  r e p l i c a t e s .  T h e  c o e f f i c i e n t  o f  d i s p e r s i o n  
C D =  s
2
/ V  w a s  u s e d  t o  t e s t  f o r  a g g r e g a t i o n  ( S p i e g e l  1 9 6 1 ) .  
A  s u m m a r y  o f  t h e  v a l u e s  o b t a i n e d  f o r  b o t h  s e x e s  i s  g i v e n  i n  T a b l e  l .  
D i s p e r s i o n  o f  u r c h i n s  a t  b o t h  l o c a l i t i e s  i s  v e r y  c l u m p e d  ( s e e  
a l s o  E b e r t  1 9 7 1 )  c o n f i r m i n g  f i e l d  i m p r e s s i o n s .  
M a l e s  a n d  f e m a l e s  
w e r e  t r e a t e d  s e p a r a t e l y  t o  t e s t  f o r  s e x u a l  a g g r e g a t i o n  r e l a t e d  t o  
t h e  r e p r o d u c t i v e  r h y t h m .  
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T A B L E  1  S u m m a r y  o f  d i s p e r s i o n  p a t t e r n s  o f  m a l e  a n d  f e m a l e  
P a r e c h i n u s  a n g u Z o s u s  c o l l e c t e d  i n  s t r a t i f i e d ,  r a n d o m  
.  2  
q u a d r a t s  o f  0 , 2 5  m  d u r i n g  f o u r  s e a s o n a l  t r a n s e c t s  a t  
t w o  1  o c a  1  i  t  i  e s  .  
R O B B E N  E I L A N D  
C . D .  o +  u r c h i n s  d i s p e r s i o n  
C . D .  ~ u r c h i n s  
T r a n s e c t  1  s u m m e r  
8 , 0 1  
c l u m p e d  1 0 , 3 4  
2  a u t u m n  
8 , 4 4  
I I  
5 , 0 8  
3  w i n t e r  
1 0 , 4 6  
I I  
1 1  ,  3 0  
4  s p r i n g  
8 , 5 6  
I I  
8 , 2 6  
M I L L E R S  P O I N T  
T r a n s e c t  1  s u m m e r  
6 , 0 0  
c l u m p e d  
. 5 , 3 7  
2  a u t u m n  
4 , 7 6  
I I  
5 , 2 6  
3  w i n t e r  
· 5 , 1 . ' 2  
I I  
2 , 2 6  
4  s p r i n g  
5 , 5 9  
I I  
3 , 0 9  
V a r i a t i o n s  o f  u r c h i n  n u m b e r s  c o l l e c t e d  o n  s u c c e s s i v e  t r a n s e c t s  
a r e  s h o w n  i n  F i g s .  2  a n d  3 ,  A  p a t c h y  d i s t r i b u t i o n  i s  s u g g e s t e d  
b y  t h e  l a c k  o f  c o r r e l a t t o n  b e t w e e n  t r a n s e c t s .  T h e  i m p o s s i b i l i t y  
o f  e x a c t l y  s u p e r i m p o s i n g  t r a n s e c t  l i n e s  a n d  t h e  r u g g e d  s u b s t r a t e  
n o  d o u b t  c o n t r i b u t e d  t o  t h i s  e f f e c t .  
U r c h i n s  i n c r e a s e d  i n  n u m b e r s  t o  a  m a x i m u m ,  r a p i d l y  d e c l i n i n g  
t h e r e a f t e r  a s  t h e  b o t t o m  c h a n g e d  f r o m  r o c k  t o  m a i n l y  s a n d .  N o  
c o r r e l a t i o n  o f  u r c h i n s  a b u n d a n c e  w i t h  d i s t a n c e  a n d  d e p t h  f r o m  s h o r e  
c o u l d  b e  s h o w n  b y  1  i n e a r  r e g r e s s i o n  a n a l y s i s .  
T h e  l a r g e r  a v e r a g e  
n u m b e r  o f  u r c h i n s  a t  M i l l e r s  P o i n t  r e l a t i v e  t o  R o b b e n  E i l a n d  i s  
s h o w n  l n  F i g s .  2  a n d  3  b y  t h e  l e n g t h  o f  t h e  r e s p e c t i v e  r a d i i  i n  t h e  
1  
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s e c t o r  d i a g r a m s ,  w h i l e  p e r c e n t a g e  s u b s t r a t e  c o v e r  i s  i n d i c a t e d  
b y  a r c  w i d t h .  
I n  o n e  c a s e  ( M i l l e r s  P o i n t  S t a t i o n  7  T r a n s e c t  2 )  
2  
m o r e  t h a n  5 0 %  o f  t h e  q u a d r a t  a r e a  ( 0 , 2 5  m )  w a s  c o v e r e d  b y  c l o s e l y  
p a c k e d ,  p a r t l y  o v e r - l a p p i n g  u r c h i n s .  
c a l c u l a t e d  t h u s :  
S u b s t r a t e  c o v e r  ( S . C . )  w a s  
~ d 2  
s . c .  =  1 o o · ~ ~ c
2
)  /  2 5 0  o o o  %  
"  
w h e r e  n  =  n u m b e r  o f  u r c h i n s  a n d  T T ( ! )
2  
t h e  p r o j e c t e d  s u r f a c e  o f  ~ n  
u r c h i n  .  
A l t h o u g h  s p i n e s  c o n t r i b u t e  s i g n i f i c a n t l y  t o  s u b s t r a t e  c o v e r  b y  
u r c h i n r  ( X  =  5 4 , 0 ;  S D =  6 , 9 ;  n  •  1 0 8 ) ,  t h e y  a r e  k n o w n  t o  b e  
t e m p o r a r y  s t r u c t u r e s  ( E b e r t  1 9 6 7 )  a n d  d i f f i c u l t  t o  m e a s u r e  a c c u r a t e l y .  
M u c h  e v i d e n c e  o f  r e p a i r  a n d  r e p l a c e m e n t  w a s  s e e n  i n  t h e  f i e l d .  
T h e r e  i s  p o o r  c o r r e l a t i o n  b e t w e e n  s p i n e  l e n g t h  a n d  t e s t  d i a m e t e r  
( F i g .  4 ) .  T h e  v a l u e s  g i v e n  i n  F i g s .  2  a n d  3  a r e  t h e r e f o r e  
a p p r o x i m a t e .  
T A B L E  2  
S u m m e r  
1  
A u t u m n  
2  
W i n t e r  
3  
S p r i n g  
4  
S e a s o n a l  c o m p a r i s o n  o f  m e a n  m a x i m u m  t e s t  d i a m e t e r  ( m m )  
a n d  s t a n d a r d  e r r o r  o f  P .  a n g u l o s u s  c o l l e c t e d  a l o n g  
t r a n s e c t s  a t  t w o  l o c a l i t i e s .  
3 0 , 0 3  ~ 1  , 7 9  
4 6 , 6 6  ~ 1 , 2 6  
3 1 , 2 0  ~ 2 , 2 1  
4 3 , 0 5 ~  1 , 7 1  
2 9 , 7 0  ~ 1 , 5 5  
4 2 , 6 7  , : ! :  2 , 3 7  
3 1 , 5 1  ~ 2 , 1 6  
4 6 , l f ]  ~ 1 , 2 7  
S i z e  c h a n g e s  ( m a x i m u m  t e s t  d i a m e t e r )  o f  P .  a n g u l o s u s  w i t h  _ d i s t a n c e  
a n d  d e p t h  f r o m  s h o r e  w e r e  c a l c u l a t e d  f o r  a l l  u r c h i n s  c o l l e c t e d  d u r i n g  
t h e  s t u d y .  T w e l v e  s i z e  c l a s s e s  a t  f i v e  m m  i n t e r v a l s  w e r e  e s t a b l i s h e d  
7  
a n d  t h e  r e s u l t s  p l o t t e d  a s  h i s t o g r a m s  ( F i g s  5  a n d  6 ) .  S i n c e  
s u c c e s s i v e  t r a n s e c t s  ( n o  d a t a  s h o w n )  d i d  n o t  v a r y  s i g n i f i c a n t l y ,  
t h e  v a l u e s  f o r  t h e  w h o l e  p e r i o d  o f  o b s e r v a t i o n  w e r e  c o m b i n e d .  
N o  u r c h i n s  w e r e  f o u n d  c l o s e r  i n s h o r e  t h a n  9 0  m a t  R o b b e n  
E l l a n d .  T h e  1 0 0  m  m a r k  ( i n  F i g .  5 )  i s  t h e r e f o r e  c o n s i d e r e d  
e q u i v a l e n t  t o  t h e  O m  m a r k  a t  M i l l e r s  P o i n t  ( F i g .  6 ) .  
P a r e c h i n u s  b i o m a s s e s  w e r e  c a l c u l a t e d  a n d  t h e  r e s u l t s  f o r  t h e  
t w o  s i t e s  c o m p a r e d  ( T a b l e  3 ) .  T h e  c o m p a r i s o n s  w e r e  m a d e  f r o m  
w e i g h i n ! ; , S  a n d  a r e  e x p r e s s e d  a s  a f d m . m -
2  
( a s h  f r e e  d r y  m a s s  a n d  
k J .  m -
2
) .  C o n v e r s i o n s  w e r e  o b t a i n e d  f r o m  l i s t e d  v a l u e s  g i v e n  b y  
F i e l d  e t ~ .  ( i n  p r e s s ) .  
T A B L E  3  C o m p a r i s o n  o f  b i o m a s s  o f  P .  a n g u Z o s u s  c o l l e c t e d  a t  
t w o  l o c a l i t i e s  d u r i n g  f o u r  s e a s o n a l  t r a n s e c t s .  
R O B B E N  E I L A N D  
T o t a l  w e t  m a s s  
X  w e t  m a s s •  
D r y  m a s s  
a f 9 ~  
T r a n s e c t  
g . m - 2  
u r c h i n  - 1  ( g )  
S . D .  n  
. m - 2  ( g )  
•  r n  
- ·  
1 1 5 7 ,  9 0  1 4 , 5 5  
1 2 , 7 9  
1 9 9  
3 6 4 ,  1 2  
4 7 , 3 4  
2  1 2 1 7 , 6 0  1 5 ,  1 4  
1 2 , 3 0  
2 0 2  
3 8 2 , 8 9  4 9 , 7 8  
3  
1 4 7 3 , 9 4  1 2 , 5 3  
1 2 , 4 6  
2 9 4  4 6 3 , 5 0  
6 0 , 2 6  
4  1 6 3 1 , 4 0  1 4 , 0 6  
1 3 , 7 2  
2 9 0  
5 1 3 , 0 2  
6 6 , 6 9  
M I L L E R S  P O I N T  
3 2 3 2 , 0 0  
3 5 , 9 1  1 7 , 5 7  
2 2 5  
1 0 1 6 , 3 5  1 3 2 ,  1 3  
2  
1 3 1 4 , 3 9  
3 4 , 5 9  
1 8 , 5 1  
9 5  
4 1 3 , 3 3  
5 3 , 7 3  
3  
2 6 4 6 , 2 8  
4 0 , 5 9  1 8 , 7 4  
1 6 3  
8 3 2 , 3 2  
1 0 8 , 2 0  
4  
3 4 8 0 , 3 2  4 2 , 6 5  1 6 ,  1 8  2 0 4  1 0 9 4 , 4 4  
} 4 2 , 2 8  
A s  m a n y  u r c h i n s  a s  p o s s i b l e  w e r e  s e x e d  a n d  t h e  m a l e - f e m a l e  r a t i o  
o f  t h e  s t u d y  s i t e s  c o m p a r e d  b y  C h i - s q u a r e  a n a l y s i s ,  ( Z a r  1 9 7 4 )  
s e e :  T a b l e  4 .  
k J . m  
- 2  
2  2 0 7  
2  3 2 0  
2  8 0 9  
3  1 0 9  
6  1 5 9  
2  5 0 5  
5  0 4 4  
6 - 6 3 2  
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. '  , 1 '  
8  
. .  
•  
.  - ,  .  
.  (
; t ~  
' .  
' ·  
T A B L E  4  
C h i - s q u a r e  a n a l y s i s  o f  m a l e - f e m a l e  s e x  r a t i o s  o f  
P .  a n g u Z o s u s  c o l l e c t e d  d u r i n g  p e r i o d  o f  s t u d y  a t  
R o b b e n  E i l a n d  a n d  a t  M i l l e r s  P o i n t .  
U n d e t e r m i n e d  
u r c h i n s  a r e  e x c l u d e d .  
M a l e  
F e m a l e  
x . 2  
R o b b e n  E i l a n d  4 4 6  4 0 1  
2 , 3 9 0 8  
M i l l e r s  P o i n t  
3 5 1  
2 8 7  3 , 8 4 1 0  
*  
*  s i g n i f i c a n t  a t  9 5 %  l e v e l  
T h e  d e n s i t y  o f  P .  a : n g u Z o s u s  ( p e r  m
2
)  c o l l t : c t e d  d u r i n g  f o u r  
s e a s o n a l  t r a n s e c t s  w a s  c a l c u l a t e d  f o r  b o t h  l o c a l i t i e s .  A  s u m m a r y  
o f  b a s i c  s t a t i s t i c s  i s  g i v e n  i n  T a b l e  5 ,  T h e  h i g h  d e g r e e  o f  
v a r i a b i l i t y  o f  c o u n t s  i s  s h o w n  b y  t h e  l a r g e  s t a n d a r d  d e v i a t i o n s .  
T A B L E  5  S u m m a r y  o f  b a s i c  s t a t i s t i c s  o f  u r c h i n  d e n s i t y  m  
- 2  
- - - -
a l o n g  t r a n s e c t s  a t  t w o  s t u d y  s i t e s .  
I  
R O B B E N  E I L A N D  
M I L L E R S  P O I N T  
T r a n s e c t  
x . m  
- 2  
S D  x . m  
- 2  
S D  n  n  
S u m m e r  1  
8 0  
9 0  
1 0  
3 8  
3 3  
1 0  
A u t u m n  2  
7 9  
5 8  
1 0  
9 0  
6 4  1 0  
W i n t e r  
3  
1 2 4  
8 4  
1 0  
6 4  
4 3  
1 0  
S p r i n g  
4  
9 5  7 7  
1 2  8 1  
4 9  
1 0  
C o n s i s t e n t  s i z e  c o n t r a s t  b e t w e e n  u r c h i n s  o f  t h e  t w o  s t u d y  s i t e s  
m a y  b e  a  r e f l e c t i o n  o f  d i f f e r e n c e s  i n  t h e  a v a i l a b i l i t y  o f  f o o d  f o r  
u n k n o w n  e n v i r o n m e n t a l  r e a s o n s .  G u t  s t a t e s  o f  u r c h i n s  f r e s h l y  
t · ~ .  
l  
.  . .  .  i :  
9  
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'  
. . . .  
~ .  
. .  
1 ,  
· , .  
, f  
o p e n e d  f o r  s e x i n g  w e r e  u s e d  t o  h e l p  e x p l a i n  s u c h  a  p o s s i b i l i t y .  
T h e  d a t a  w e r e  r a n k e d  i n  t h r e e  c l a s s e s ,  n a m e l y :  f u l l ,  h a l f - f u l l  
a n d  e m p t y .  A  h i s t o g r a m  p l o t  o f  t h i s  e v a l u a t i o n  i s  g i v e n  i n  
F i g . 1 · , .  A  c o n t i n g e n c y  t a b l e  ( n o t  s h o w n )  w a s  c o m p i l e d ,  f o l l o w e d  
b y  C h i - s q u a r e  a n a l y s i s " " l .
2  
=  2 5 5 , 9 6 5  f o r  d f 2 .  
0 ,  l  0 %  1  e v e  1  i  s  g i v e n  ·  a s  1 3  ,  8 1 6 .  
2  
T h e  v a l u e  o f X  a t  t h e  
H e n c e  2 5 5 , 9 6 5  > > 1 3 , 8 1 6 ;  t h e  n u 1 1  h y p  t h e s i s  c a n  b e  r e j e c t e d  
w i t h  c o n f i d e n c e  a n d  m o r e  u r c h i n s  a t  M i l l e r s  P o i n t  h a v e  a  f u l l  
g u t  t h a n  a t  R o b b e n  E i l a n d .  
U r c h i n  f r e q u e n c i e s ,  l o c a t i o n s  a n d  s e x  d i f f e r e n c e s  i n c l u d i n g  
u n d e r t e r m i n e d  e c h i n o i d s  w e r e  t e s t e d  b y  a  t h r e e  w a y  c o m p l e t e  
f a c t ~ r f a l  m o d e l  ( B M D P  - 2 V  a n a l y s i s  o f  v a r i a n c e  a n d  c o v a r i a n c e  
i n c l u d i n g  r e p e a ~ e d  m e a s u r e s ) .  
T r a n s e c t s  w e r e  t r e a t e d  a s  
r e p l i c a t i o n s  t o  o b t a i n  a  p r o p e r  e r r o r  t e r m .  
T h e  m o d e l  e q u a t i o n  i s :  
L  Q  s  L Q  L S  Q S  L Q S  
Y  • •  k  - µ  +  a .  + a .  +  a k  +  a . .  .  +  a .  +  a  .  k  +  a  • •  k  +  e  . •  k  
I J  e  I  I  I J  1 e  J  I J  I J  e  
S i d e  c o n d i t i o n s :  
a L  =  a Q  =  a s  =  a L ~  =  a ~ Q  =  a ~ S  =  a . L S  =  a Q S  =  
0
~ 5  =  i : ~ S  =  a l ~ S  =  c
1
L Q S  =  
0  
•  •  •  . J  1 .  1 .  . e  . k  ·  J •  U ·  . J .  . . k  
A n y  S S  w i t h  a  T w a s  p o o l e d  i n  t h e  e r r o r  a n d  t h e  d e g r e e s  o f  f r e e d o m  
a d d e d  t o  f i n d  t h e  e r r o r  d . f .  
T h r e e  w a y  c o m p l e t e  f a c t o r i a l  a n a l y s i s  o f  e f f e c t s  a n d  i n t e r a c t t o n s  d u e  
t o  l o c a t i o n ,  s e a s o n  a n d  s e x  o f  P .  a n g u Z o s u s  ( L  = l o c a t i o n ,  Q  =  s e a s o n ,  
S  =  s e x ) .  
~ 
T A B L E  6  
S o u r c e  
M e a n  (  
)  
L  
Q  
s  
L Q  
L S  
Q S  -
L Q S  
E r r o r  
. .  ,  . .  
; • : ,  
' . .  , . .  
'  
\  .  
1 0  
A n o v a  T a b l e  
d . f .  F  
1  
. . .  
1  
5 ,  
4 8 "  
3  
2 , 2 8  
; " ' "  
2  
2 3 , 2 1  
3  
2 , 5 2  
2  0 , 2 1  
6  0 , 4 7  
6  
0 , 5 8  
2 1 6  
r  
· ~  
. - . . . . .  
; , , , ·  .  .  . ·  '  
• + , " ' , .  · . .  ' " - t , .  •  
.  .  
· ' '  
5 %  c r i t .  F .  
3 , 8 4  
2 , 6 0  
3 , 0 0  
2 , 6 0  
3 , 0 0  
2 , 0 1  
2 , 0 1  
. .  
1 .  
'  .  
.  ,  
'  
T h e  a n a l y s i s  s h o w s  f r e q u e n c y  d i f f e r e n c e s  b e t w e e n  t h e  t w o  
s t u d y  s i t e s ;  f ~ r t h e r m o r e  t h a t  s e a s o n  h a d  n o  e f f e c t  o n  u r c h i n  
d i s t r i b u t i o n  a n d  n u m b e r s ,  a n d  t h a t  t h e  s e x e s  w e r e  n o t  e q u a l l y  
r e p r e s e n t e d ,  m a l e s  b e i n g  a  l i t t l e  m o r e  n u m e r o u s .  
w a s  n o  s i g n i f i c a n t  i n t e r a c t i o n  o f  f a c t o r s .  
D I S C U S S I O N  
T h e r e  
T e m p e r a t u r e  d i f f e r e n c e s  b e t w e e n  m a r i n e  e n v i r o n m e n t s  h a v e  l o n g  
b e e n  k n o w n  t o  e x e r t  a  c o n s i d e r a b l e  i n f l u e n c e  o n  t h e  d i s t r i b u t i o n a l  
a n d  r e p r o d u c t i v e  p a t t e r n  o f  o r g a n i s m s .  T h i s  s t u d y  o f  P .  a n g u l o s u s  
w h i c h  i s  s o  v e r y  c o m m o n  a r o u n d  t h e  p e n i n s u l a  w a s  s t i m u l a t e d  b y  
p r e l i m i n a r y  o b s e r v a t i o n s  o f  t h e  e c h i n o i d s  u n d e r w a t e r ,  w h i c h  
s u g g e s t e d  t h a t  p o p u l a t i o n s  i n  t h e  c o l d  a n d  w a r m  w a t e r  r e g i m e  
d i f f e r e d .  
T h i s  w a s  s h o w n  f o r  t h e  r e p r o d u c t i v e  r h y t h m  o f  
P .  a n g u l o s u s  ( F r i c k e  a n d  T h u m  1 9 7 5 )  a n d  f o r m s  t h e  s u b j e c t  o f  a  
f u r t h e r ,  m o r e  d e t a i l e d  p a p e r  ( F r i c k e ,  i n  p r e p ) .  
T h e  i d e a l  
\  
A  
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, f  
e x p e r i m e n t a l  s i t u a t i o n  o f  f i n d i n g  s t u d y  s i t e s  d i f f e r i n g  o n l y  
w i t h  r e s p e c t  t o  w a t e r  t e m p e r a t u r e  w a s  n o t  a c h i e v e d ,  i n d e e d  s e e m s  
d i f f i c u l t .  L e a v i n g  a l o n e  e f f e c t s  o n  r e p r o d u c t i o n ,  t e m p e r a t u r e  
p e r  s e  c a n  c e r t a i n l y  n o t  b e  s i n g l e d  o u t  a s  t h e  m a i n  p h y s i c a l  
f a c t o r  p r o d u c i n g  t h e  o b s e r v e d  d i f f e r e n c e s  i n  u r c h i n  d i s t r i b u t i o n  
a t  t h e  t w o  s t u d y  s i t e s ,  e x c e p t  i n d i r e c t l y  b y  k e e p i n g  o u t  L a m i n m . • i a  
( D i e c k m a n n  1 9 7 8 )  w h i c h  i s  k n o w n  t o  a f f e c t  u r c h i n  d i s t r i b u t i o n  b y  
t h e  s w e e p i n g  a c t i o n  o f  a d u l t  p l a n t s  ( V e l i m i r o v  &  G r i f f i t h s ,  1 9 7 9 ) .  
T u r b u l e n c e ,  s u b s t r a t e ,  f o o d  a n d  p r e d a t o r s  o n  t h e  o t h e r  h a n d  p l a y  
k e y  r o l e , ; ,  
T h e  n e a r - s h o r e  a b s e n c e  o f  P a r e c h i n u s  a t  t h e  R o b b e n  
E i l a n d  s i t e  i s  w i t h o u t  d o u b t  t h e  r e s u l t  o f  w a v e  e n e r g y .  T h e  
M i l l e r s  P o i n t  s i t e  o n  t h e  o t h e r  h a n d  i s  o n l y  m o d e r a t e l y  e x p o s e d ,  
w h i c h  t o g e t h e r  w i t h  t h e  b o u l d e r y  s u b s t r a t e ,  p e r m i t s  u r c h i n  a t t a c h -
m e n t  v e r y  c l o s e  i n s h o r e ,  i n d e e d  i n  w a t e r  t o o  s h a l l o w  f o r  k e l p  g r o w t h .  
S u b s t r a t e  d o m i n a t e d  a s  a n  e n v i r o n m e n t a l  f a c t o r  t h r o u g h o u t .  T h e  
e r o d e d ,  s h e e t l i k e  s t r u c t u r e  o f  b e d r o c k  a t  R o b b e n  E i l a n d  e v i d e n t l y  
p r o v i d e s  a b u n d a n t  o p p o r t u n i t i e s  f o r  s h e l t e r  f o r  j u v e n i l e  u r c h i n s  
w h i c h  w e r e  a b u n d a n t  a n d  c a n  b e  c o l l e c t e d  w i t h  s o m e  e f f o r t  ( G r e e n w o o d ,  
1 9 7 5 ) .  
T h e  r o u n d e d ,  m a s s i v e  g r a n i t e  b o u l d e r s  a t  M i l l e r s  P o i n t  d o  
n o t  o f f e r  s u c h  s h e l t e r .  
A s  t h e  r e s u l t s  s h o w ,  f e w  j u v e n i l e s  w e r e  
c o l l e c t e d  t h e r e ,  t h e s e  a n i m a l s  b e i n g  f o u n d  a t  t h e  b o u l d e r - s a n d  
i n t e r f a c e ,  p a r t l y  b u r i e d  b y  s a n d .  
A l t h o u g h  P .  a n g u Z o s u s  w i l l  s e t t l e  
o n  a  v a r i e t y  o f  s u b s t r a t e s  i n c l u d i n g  m e t a l  s h e e t s  ( s h i p  h u l k s )  a n d  
c o n c r e t e  p i l i n g s ,  i t  m o s t  l i k e l y  h a s  s u b s t r a t e  p r e f e r e n c e s ,  w h i c h  
d i f f e ~  f o r  a d u l t  a n d  j u v e n i l e  a n i m a l s .  
t h i s  b e h a v i o u r  f o r  H a w a a i a n  e c h i n o ( d s .  
E b e r t  ( 1 9 7 1 )  d i s c u s s e s  
T h e  c o n s i d e r a b l e  h e t e r o -
g e n ; - - i t y  o f  t h e  s t u d y  s i t e s  w a s  r e f l e c t e d  i n  t h e  s t r o n g l y  c l u m p e d  
. . . . _ _ , ,  
d i s t r i b u t i o n  o f  u r c h i n s  ( T a b l e  1 ) ,  w h i c h  d i d  n o t  s e e m  t o  c h a n g e  
; · ~  
' \  .  
t . ; f { ~ - . - ~  
,  
1 2  
· I  
1 .  
'  . .  
, I  
d i u r n a l l y  ( o n l y  o n e  n i g h t  o b s e r v a t i o n  w a s  m a d e ) .  U r c h i n s  w e r e  
o f t e n  t i g h t l y  p a c k e d  t o g e t h e r  w i t h  t h e i r  s p i n e s  m e s h i n g ; o c c a s i o n -
a l l y  c r o w d e d  o n  t o p  o f  o n e  a n o t h e r  a n d  t h u s  c o m p l i c a t i n g  c a l c u l a -
t i o n s .  N o  m a s s  m o v e m e n t s  o f  u r c h i n s  w e r e  e v e r  r e c o r d e d ,  b u t  
r a t h e r  r e s p o n s e s  t o  s e a  c o n d i t i o n s  a n d  i n d i v i d u a l  r e a c t i o n s  t o  
t h e  p r o x i m i t y  o f  f o o d .  R e p e a t e d  c o u n t s  o f  u r c h i n s  w i t h i n  a  
l  m
2  
q u a d r a t  p l a c e d  o n  t h e  s e a  b o t t o m  s h o w e d  r e m a r k a b l e  c o n s t a n c y  
( n o  d a t a  s h o w n ) .  
T h e s e  w e r e  a l s o  e s s e n t i a l l y  t h e  o b s e r v a t i o n s  
o f  M a t t i s o n  ~ t  ~ - ( 1 9 7 7 )  w o r k i n g  o n  S t r o n g y Z o c e n t r o t u s  
f r a n c i s c a n u s .  
T ' h e  s t r i k i n g  d i f f e r e n c e  i n  s i z e  f r e q u e n c y  d i s t r i b u t i o ; i  ' : : : i d  
m e a n  t e s t  d i a m e t e r  b e t w e e n  R o b b e n  E i l a n d  a n d  M i l l e r s  P o i n t  
( F i g s  .  . . Z - & 3 )  a p p e a r s  t o  b e  d u e  t o  t w o  f a c t o r s ,  n a m e l y  f o o d  
a v a i l a b i l i t y ,  c o m p e t i t i o n  a n d  t o  a  l e s s e r  e x t e n t  p r e d a t i o n .  T h e  
s i g n i f i c a n t l y  l o w e r  p e r c e n t a g e  f u l l n e s s  o f  u r c h i n  i n t e s t i n e s  
s a m p l e d  u n d e r  a  v a r i e t y  o f  s e a  c o n d i t i o n s  o v e r  e x t e n d e d  t i m e  a t  t h e  
c o l d  w a t e r  s i t e  f a v o u r s  t h i s  a r g u m e n t .  
F u r t h e r m o r e  u r c h i n s  a t  
R o b b e n  E i l a n d  w e r e  n o t  s e e n  t o  p e n e t r a t e  t h e  k e l p  s t a n d s  t o  t h e  
s a m e  d e g r e e  a s  a t  M i l l e r s  P o i n t .  
M a t t i s o n  e t ~ .  ( 1 9 7 7 )  f o u n d  
t h a t  t h e  f e e d i n g  a c t i v i t y  o f  s e a  u r c h i n s  d e p e n d i n g  o n  d r i f t  m a t e r i a l  
d e c r e a s e d  a t  i n c r e a s i n g  d i s t a n c e s  f r o m  k e l p  f o r e s t s .  
I t  a p p e a r s  
t h a t  a  s i m i l a r  s i t u a t i o n  m a y  a p p l y  h e r e  a n d  u r c h i n s  a t  R o b b e n  E i l a n d  
d o  n o t  e n j o y  t h e  s a m e  l e v e l  o f  f o o d  a b u n d a n c e  a s  t h e i r  c o u n t e r p a r t s  
a t  M i l l e r s  P o i n t .  
C o m p e t i t i o n  p o s s i b l y  p l a y s  a  r o l e  j u d g i n g  b y  t h e  
v e r y  d e n s e  m u l t i t i e r e d  s u b s t r a t e  o c c u p a t i o n  s e e n  a t  R o b b e n  E i l a n d  
a n d  c o n t r a s t i n g  t h i s  s i t u a t i o n  w i t h  M i l l e r s  P o i n t ,  w h e r e  m u c h  b a r e  
r o c k  i s  i n  e v i d e n c e ,  a l t h o u g h  a t  b o t h  s i t e s  P .  a n g u l o s u s  i s  t h e  
d o m i n a n t  d e b r i s  f e e d e r .  
P a r e c h i n u s ,  b y  v i r t u e  o f  i t s  l a r g e  s i z e  
a n d  d o m i n a n c e  a t  M i l l e r s  P o i n t  c o m p a r e d  w i t h  R o b b e n  E i l a n d ,  m a k e s  
, ,  \ ·  
"  
•  
1 3  
a  h i g h  c o n t r i b u t i o n  t o  i n v e r t e b r a t e  b i o m a s s .  M a l e  f e m a l e  r a t i o s  
w e r e  f o u n d  t o  b e  s i g n i f i c a n t l y  i f  s l i g h t l y  s k e w e d  ( T a b l e  4 )  a s  
s h o w n  b y  s t a t i s t i c a l  a n a l y s i s ,  w i t h  m a l e s  b e i n g  m o r e  n u m e r o u s  i n  
a l  1  c a s e s .  E x a m i n a t i o n  o f  b a t c h e s  o f  P a r e c h i n u s  f r o m  s e v e r a l  
l o c a l i t i e s  c l o s e  b y ,  r e v e a l e d  e v e n  l a r g e r  d e v i a t i o n s  f r o m  a  1  : 1  r a t i o .  
A t  p r e s e n t  t h i s  c a n n o t  b e  e x p l a i n e d .  
P r e d a t i o n  o n  P a r e c h i n u s  a t  t h e  F a l s e  B a y  s i t e  a p p e a r s  t o  b e  
l o w  j u d g i n g  b y  t h e  g r e a t e r  a v e r a g e  a g e  r e a c h e d  b y  u r c h i n s  ( G r e e n w o o d ,  
i n  p r e s s ) .  
T h e  r o c k  1  o b s  t e  r  ( J a s u s  l a l a n d : z : i )  a  1  t h o u g h  n o t  f e e d i n g  
p r e f e r e n t i a l l t  o n  u r c h i n s  b u t  r a t h e r  o n  m u s s e l s  a s  r e p o r t e d  b y  
~ r i f f ! t , s  &  S e i d e r e r  ( i n  p r e p . )  h a s  b e e n  g r e a t l y  d e c i m a t e d  h e r e  
b u t  r e m a i n s  a b u n r l a n t  a t  R o b b e n  E i l a n d .  
C O N C L U S I O N S  
F r o m  t h e  i n f o r m a t i o n  p r e s e n t e d ,  i t  a p p e a r s  t h a t  P .  a n g u l o s u s  
i s  a n  e c h i n o i d  t o l e r a n t  o f  w i d e l y  f l u c t u a t i n g  w a t e r  t e m p e r a t u r e  
a n d  a  r a n g e  o f  s u b s t r a t e s  a d j u s t i n g  i t s  p o p u l a t i o n  s t r u c t u r e  m a i n l y  
i n  r e s p o n s e  t o  s u b s t r a t e  q u a !  i t y ,  t u r b u l e n c e  a n d  f o o d  a v a i l a b i l i t y .  
C o m p e t i t i t i o n  a n d  p r e d a t i o n  a l t h o u g h  n o t  s p e c i f i c a l l y  t e s t e d  h e r e  
s e e m  t o  p l a y  a  r o l e  i n  a f f e c t i n g  l o n g e v i t y ,  h e n c e  s i z e .  
D i s t a n c e  
a n d  d e p t h  f r o m  s h o r e  d i d  n o t  a p p e a r  t o  i n f l u e n c e  u r c h i n  d i s t r i b u t i o n  
i n  t h i s  s t u d y ,  e x c e p t  i n  s o  f a r  a s  d i s t a n c e  c o r r e l a t e s  w i t h  
t u r b u l e n c e  a n d  d e p t h  w i t h  t h e  g r o w t h  l i m i t s  o f  m a c r o p h y t e s .  M o v e m e n t s  
r ,  
o f  u r c h i n s  o c c u r  o n  a  s m a l l  s c a l e  i n  r e s p o n s e  t o  s e a  s t  a t e  a n d  
p r o x i m i t y  o f  f o o d .  
T h e  a g g r e g a t i o n  s u g g e s t s  a n  a b s e n c e  o f  t e r r i -
I I  
t o r i  a l  i  t y  s u c h  a s  s e e n  i n  E c h i n o m e t r a  l u c u n t e r  ( L . )  ( G  r u n b a u m  ~ ~ -
. r " \  
' - - '  
i n  p r e s s ) .  S e a s o n a l i t y  p l a y e d  n o  r o l e  i n  a f f e c t i n g  p o p u l a t i o n  s t r u c t u r e .  
r  
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A C K N O W L E D G M E N T S  
E n c o u r a g e m e n t  t o  u n d e r t a k e  t h i s  s t u d y  c a m e  f r o m  D r .  A l a n  B .  T h u m  
{ p r e s e n t l y  a t  t h e  L o c k h e e d  O c e a n  L a b o r a t o r y ,  S a n  D i e g o ,  C a l i f o r n i a ) .  
T h r o u g h  t h e  c o o p e r a t i o n  o f  S e a  F i s h e r i e s  B r a n c h  r e g u l a r  v i s i t s  b y  
s h i p  t o  R o b b e n  E i l a n d  w e r e  m a d e  p o s s i b l e .  I  a m  g r a t e f u l  f o r  h e l p  
w i t h  u n d e r w a t e r  w o r k  b y  t h e i r  d i v e r s  G .  D i e c k m a n n ,  R .  H a r d i n g  a n d  
P e t e r  S i m s .  D r .  J u n e  J u r i t z  o f  t h e  D e p a r t m e n t  o f  M a t h e m a t i c a l  
s t a t i s t i c s  a n d  M s .  J a n e  H a l l  w e n t  t o  m u c h  t r o u b l e  i n  t h e  c o m p u t e r  
a n a l y s i s  o f  u a t a .  
· ~ · ·  ~ h a n k s  a r e  f i n a l l y  d u e  t o  D r .  C .  G r i f f i t h s  f o r  c r i t i c a l  
p e r u s a l  o f  t h e  w ~ n u s c r i p t .  
R E F E R E N C E S  
B R E E N ,  P . A .  &  M A N N ,  K . H .  1 9 7 6  a .  D e s t r u c t i v e  g r a z i n g  o f  k e l p  b y  
s e a  u r c h i n s  i n  E a s t e r n  C a n a d a .  J .  F i s h .  R e s .  B o a r d  C a n .  3 3 :  
1 2 7 8 - 1 2 8 3 .  
B R E E N ,  P . A .  &  M A N N ,  K . H .  1 9 7 6  b .  C h a n g i n g  l o b s t e r  a b u n d a n c e  a n d  
t h e  d e s t r u c t i o n  o f  k e l p  b e d s  b y  s e a  u r c h i n s .  
M a r i n e  B i o ! o g y  3 4 :  
1 3 7 - 1 4 2 .  
B U X T O N ,  C .  1 9 7 7 ,  F e e d i n g  e c o l o g y  a n d  a s s i m i l a t i o n  i n  t h e  S o u t h  
A f r i c a n  s e a  u r c h i n  P a r e c h i n u s - a n g u Z o s u s .  U n p u b l i s h e d  H o n o u r s  
p r o j e c t ,  Z o o l o g y  D e p a r t m e n t ,  U n i v e r s i t y  o f  C a p e  T o w n .  
D I E C K M A N N ,  G . S .  1 9 7 8 .  A s p e c t s  o f  g r o w t h  a n d  p r o d u c t i o n  o f  L a : m · i n o r i a  
p a Z Z i d a  ( G r e v . )  J .  A g .  o f f  t h e  C a p e  P e n i n s u l a .  M . S c .  T h e s i s  i n  t h e  
D e p a r t m e n t  o f  B o t a n y ,  U n i v e r s i t y  o f  C a p e  T o w n ,  1  - 9 8 .  
: · :  
I · .  
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E B E R T ,  T . A .  1 9 6 7 .  G r o w t h  a n d  r e p a i r  o f  s p i n e s  i n  t h e  s e a - u r c h i n s  
S t r > o n g y Z o c e n t r o t u s  p m : > p u r > a t u s  ( S t i m p s o n ) .  B i o l .  B u U .  1 3 3 :  l ,  1 4 1 - 1 4 9 .  
E B E R T ,  T . A .  1 9 7 1 .  A  p r e l i m i n a r y  q u 2 n t i t a t i v e  s u r v e y  o f  t h e  e c h i n o i d  
f a u n a  o f  K e a l a k e k u a  a n d  H o n a u n a u  B a y s ,  H a w a i i .  
P a c i  f i e  S c i e n c e ,  
2 5 :  1 , p p .  1 1 2 - 1 3 1 .  
F I E L D ,  J . G . ,  J A R M A N ,  N . G . ,  D I E C K M A N N ,  G . S . ,  G R I F F I T H S ,  C . L . ,  
V E L I M I R O V ,  B .  &  Z O U T E N D Y K ,  P .  1 9 7 7 .  S u n ,  w a v e s ,  s e a w e e d  a n d  
- l o b s t e r s :  T h e  d y n a m i c s  o f  a  W e s t  C o a s t  k e l p - b e d .  
S .  A f r .  J .  S c i e n c e  7 3 :  7 - 1 0 .  
F R I C K E ,  A . H .  &  T H U M ,  A . B .  1 9 7 5 .  
T e m p e r a t u r e  r e c o r d i n g  i n  a  s h a l l o w  
r , · · ! n e  e n v i r o n m e n t .  T r > a n s .  r o y .  S o c .  S .  A f r . ,  4 1 :  3 5 1 - 3 5 7 .  
F R I C K E ,  A . H .  ( i P  p r e s s ) .  K e l p  g r a z i n g  b y  t h e  c o m m o n  s e a  u r c h i n  
P a 1 ? e c h i n u s  a n g u Z o s u s  L e s k e  a r o u n d  t h e  C a p e  P e n i n s u l a .  S .  A f r .  J .  
o f  Z o o l o g y ,  1 4  ( 3 )  1 ' 1 7 1 .  
F U J I ,  A  &  K A W A M U R A ,  K .  1 9 7 0 .  
S t u d i e s  o n  t h e  B i o l o g y  o f  t h e  s e a  u r c h i n  
S t r o n g y l o c e n t r > o t u s  i n t e r m e d i u s  o n  a  r o c k y  s h o r e  o f  S o u t h e r n  H o k k a i d o .  
B u l l .  o f  t h e  J a p .  S o c .  o f  S c i e n t i f i c  F i s h .  3 6  ( 8 ) :  7 6 3 - 7 7 5 ,  
G R E E N W O O D ,  P . J .  ( i n  p r e s s ) .  P o p u l a t i o n  d y n a m i c s  a n d  f e e d i n g  e n e r g e t i c s  
o f  P a r e c h i n u s  a n g u Z o s u s  L e s k e .  ( E s t u a r > i n e  a n d  C o a s t a l  M a : r > .  S c i . )  
I I  
G R U N B A U M ,  H . ,  B E R G M A N N ,  G . ,  A B B O T T ,  D . P .  &  O G D E N ,  J . C .  i n  p r e s s .  
l n t r a s p e c i f i c  a g n o s t i c  b e h a v i o u r  i n  t h e  r o c k - b o r i n g  s e a - u r c h i n  
E c h i n o m e t i • a  l u c u n t e r  ( L . ) ,  E c h i n o d e r m a t a :  E c h  i  n o  i d e a .  B u U .  M a r > .  S c i .  
L A N G ,  C .  &  M A N N ,  K . H .  1 9 7 6 .  C h a n g e s  i n  s e a  u r c h i n  p o p u l a t i o n s  a f t e r  
t h e  d e s t r u c t i o n  o f  k e l p  b e d s .  M a 1 • i n e  B i o l o g y  3 6 :  3 2 1 - 3 2 6 .  
L E I G H T O N ,  D . L . ,  J O N E S ,  L . G .  &  N O R T H ,  W . J .  1 9 6 6 .  
E c o l o g i c a l  r e l a t i o n -
s h i p s  b e t w e e n  g i a n t  k e l p  a n d  s e a  u r c h i n s  i n  S o u t h e r n  C a l i f o r n i a .  
P r o c .  F i f t h  l ~ t e r n a t i o n a l  S e a w e e d  S y m p o s i u m  1 4 1 - 1 5 3 .  
~ ;  . .  ·  
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L E I G H T O N ,  D . L .  1 9 6 6 .  
S t u d i e s  o f  f o o d  p r e f e r e n c e s  i n  a l g i v o r o u s  
i n v e r t e b r a t e s  o f  S o u t h e r n  C a l i f o r n i a n  k e l p  b e d s .  P a c i f .  S c i . ,  
2 0 :  1 0 4 - 1 1 3 .  
L O W R Y ,  L . F .  &  P E A R S E ,  J . S .  1 9 7 3 .  A b a l o n e s  a n d  s e a  u r c h i n s  i n  a n  
a r e a  i n h a b i t e d  b y  s e a  o t t e r s .  
M a r i n e  B i o l o g y  2 3 :  2 1 3 - 2 1 9 .  
M A N N ,  K . H .  1 9 7 7 .  
D e s t r u c t i o n  o f  k e l p  b e d s  b y  s e a  u r c h i n s :  A  
I I  
c y c l i c a l  p h e n o m e n o n  o r  i r r e v e r s i b l e  d e g r a d a t i o n ?  H e l g o l a n d e r  w i s s .  
M e e r e s u n t e r s .  3 0 :  4 5 5 - ' • 6 7 .  
M A T T I S O N ,  J . E . ,  T R E N T ,  J . D . ,  S H A N K S ,  A . L . ,  A K I N ,  T . B .  &  P E A R S E ,  J ~ S .  1 9 7 7 .  
M o v e m e n t  i n d  f e e d i n g  a c t i v i t y  o f  r e d  s e a  u r c h i n  ( S t r o n g y l o c e n t r o t u s  
f ~ l ' l n c i s c a n u s )  a d j a c e n t  t o  k e l p  f o r e s t .  
M a r i n e  B i o l o g y  3 9 :  2 5 - 3 0 .  
N A G A I ,  Y .  &  K A N E K O ,  K .  1 9 7 5 .  C u l t u r e  e x p e r i m e n t s  o n  t h e  s e a  u r c h i n  
S t r o n g y l o c e n t r o t u s  p u l c h e r r i r r r u s  f e d  a n  a r t i f i c i a l  d i e t .  M a r i n e  
B i o l o g y  2 9 :  1 0 5 - 1 0 8 .  
N I C H O L S ,  D .  1 9 7 9 .  
A  n a t i o n w i d e  s u r v e y  o f  t h e  B r i t i s h  s e a - u r c h i n  
E c h i n u s - e s c u l e n t u s .  
P r o g r .  U n d e 1 ' > / J J .  S c i .  4  ( N .  S . )  1 6 1 - 1 8 7 .  
N O R T H ,  W . J .  &  P E A R S E ,  J . S .  1 9 7 0 .  
S e a  u r c h i n  p o p u l a t i o n  e x p l o s i o n  
i n  S o u t h e r n  C a l i f o r n i a  c o a s t a l  w a t e r s .  S c i e n c e  N . Y . : 1 6 7 - 2 0 9 .  
S I N E N S T A D ,  C . A . ,  E S T E S ,  J . A .  &  K E N Y O N ,  K . W .  1 9 7 8 .  A l e u t e s ,  s e a  o t t e r s  
a n d  a l t e r n a t e  s t a b l e - s t a t e  c o m m u n i t i e s .  S c i e n c e  2 0 0  ( 2 8 ) :  4 0 3 - 4 1 1 .  
S P I E G E L ,  M . R .  1 9 6 1 .  S c h a u m s  o u t l i n e  o f  t h e o r y  a n d  p r o b l e m s  o f  
s t a t i s t i c s .  M c G r a w - H i l l  B o o k  C o .  N . Y .  p p .  3 5 9 .  
T E G N E R ,  M .  &  D A Y T O N ,  P . K .  1 9 7 7 .  
S e a  u r c h i n  r e c r u i t m e n t  p a t t e r n s  a n d  
i m p l i . c a t l o n s  o f  c o m m e r c i a l  f i s h i n g .  S c i e n c e  1 9 6 :  3 2 4 - 3 2 6 .  
V E L I M I R O V >  B . ,  F t E L D ,  J . G . ,  G R I F F I T H S ,  C . L .  &  Z O U T E N D Y K ,  P .  1 9 7 7 .  T h e  
e c o l o g y  o f  k e l p  b e d  c o m m u n i t i e s  i n  t h e  B e n g u e l a  u p w e l l i n g  s y s t e m .  
, ,  
H e l g o l a n d e r  w i s s .  M e e r e s u n t e r s .  3 0 :  4 9 5 - 5 1 8 .  
V E L I  M I  R O V ,  B .  &  G R  I  F F  I T H S ,  C .  l . .  1 9 7 9 .  W a v e  i n d u c e d  k e  1  p  m o v e m e n t s  a n d  
i t s ·  i m p o r t a n c e  f o r  c o m m u n i t y  s t r u c t u r e .  B o t a n i c a  M a r i n a  2 2 :  1 6 9 - 1 7 2 .  
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F i g .  l .  M a p  o f  t h e  C a p e  P e n i n s u l a  s h o w i n g  l o c a t i o n  o f  s t u d y  s i t e s  a t  
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F i g .  2 .  D e n s i t y  a n d  p e r c e n t a g e  s u b s t r a t e  c o v e r  o f  P a r e c h i n u s  f o r  s e a s o n a l  
t r a n s e c t s  a t  M i l l e r s  P o i n t .  T h e  r a d i i  o f  t h e  s e c t o r s  i n d i c a t e  
a n i m a l  n u m b e r s
2  
w h i l e  a r c  w i d t h  s h o w s  p e r c e n t a g e  s u b s t r a t e  c o v e r  o f  
u n i t  a r e a  ( 1  m  ) .  A  v a l u e  o f  > 5 0 %  w a s  f o u n d  i n  o n e  i n s t a n c e .  
( M . P .  s t a t i o n  F ,  t r a n s e c t  2 ) .  
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S t a . 1  
S t a . 2  
S t a . 8  
S t a . 3  S t a . 9  
S t a . 4  
S t a . 5  
S t a . 6  
F i g .  3 ,  D e n s i t y  a n d  p e r c e n t c 1 9 e  s u b s t r a t e  c o v e r  o f  2 a r e c h i n u s  f o r  s e a s o n a l  
t r a n s e c t s  a t  R o b b e n  E i l a n d .  T h e  r a d i i  o f  t h e  s e c t o r s  i n d i c a t e  
a n i m a l  n u m b e r s ,  w ~ i l e  a r c  w i d t h  s h o w s  p e r c e n t a g e  s u b s t r a t e  c o v e r  
o f  u n i t  a r e a  ( 1  m  ) .  
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S c a t t e r  d i a g r a m  o f  t e s t  d i a m e t e r  o f  P a r e c h i n u s  a g a i n s t  s p i n e  l e n g t h  
s h o w i n g  p o o r  c o r r e l a t i o n .  A n  u n b i a s s e d  s a m p l e  o f  1 0 7  u r c h i n s  w a s  
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F i g .  5 .  C o m b i n e d  s i z e  f r e q u e n c y  h i s t o g r a m m e s  s h o w i n g  c h a n g e  o f  s i z e  ( t e s t  
d i a m e t e r  i n  m m )  o f  P .  a : n g u Z o s u s  w i t h  d i s · t a n c e  ( a n d  d e p t h )  f r o m  s h o r e  
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F i g .  6 .  C o m b i n e d  s i z e  f r e q u e n c y  h i s t o g r a m m e s  s h o w i n g  c h a n g e  o f  s i z e  ( t e s t  
d i a m e t e r  i n  m m )  o f  P .  a n g u l o s u s  w i t h  d i s t a n c e  ( a n d  d e p t h )  f r o m  s h o r _ e  
f o r  M i l l e r s  P o i n t .  
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F i g .  7 .  G u t  s t a t e s  o f  u r c h i n s  c o l l e c t e d  o n  s t u d y  s i t e s  a t  M i l l e r s  P o i n t  
a n d  R o b b e n  E i l a n d .  T h e  u r c h i n s  w e r e  p r o c e s s e d  s o o n  a f t e r  
c o l l e c t i o n .  
P A R T  1 1  
K E L P  G R A Z I N G  B Y  T H E  C O M M O N  S E A - U R C H I N  P A R E C H I N U S  A N G U L O S U S  L E S K E  
I N  F A L S E  B A Y ,  C A P E .  
K e l p  g r a z u 1 g  · b y  t h e  c o 1 1 1 r n o 1 : : .  s e a  1 1 r c h l r 1  
P a r e c h i ! 1 u s  a n g ~ z , l o s i i s  L e s l { e  i n  : F a J s e  J 3 , 1 y ,  
. R ' . . ,  
u  ( f " · ~ p t P  
' - '  a  , , ;  \ \ , I  
. .  
A . H .  F r i c k e  
D e p a r t m e n t  o f  O c e a n o g r a p h y ,  U n i v e r s i t y  o f  C a p e  T o w n ,  R o n d e b o s c h  
T h e  e f f e c t  o f  g r a z i n g  b y  t h e  c o m m o n  s e a  u r c h i n  o n  a  l o c a l  k e l p  
b e d  w a s  ! ' i t u d i e d .  T h e  n e e d  f o r  t h i s  i n v e s t i g a t i o n  w a s  f e l t  i n  v i e w  
o f  t h e  i m p o r t a n c e  o f  k e l p  b e d s  t o  t h e  n e a r - s h o r e  e c o s y s t e m  
a n d  r e p o r t s  d e s c r i b i n g  t h e  e x t e n t  o f  d a m a g e  t o  s o r n e  
C a l i f 9 r n i a n  a n d  e a s t e r n  C a n a d i a n  k e l p  b e d s  b y  t h e  g r a z i n 1 ;  
a c t i v i t y  o f  c e r t a i n  u r c h i n  s p e c i e s .  E x p e r i m e n t a i  s i t e s  t y p i c a 1  c t  
t h e  a r e a  w e r e  p e r m a n e n t l y  m a r k e d .  A  s t u d y  s i t e  w a s  p r o t e c t e d  
f r o m  u r c h i n s ,  w h i l e  t h e  c o n t r o l  w a s  n o t .  U r c h i n s  w e r e  r e g u l a r l y  
r e m o v e d  f r o m  t h e  s t u d y  s i t e .  K e l p s  g r o w i n g  o n .  t h e  
e x p e r i m e n t a l  p l o t s  w e r e  h a r v e s t e d  s e a s o n a l l y ,  c o u n t e d  a n d  
t h e i r  b i o m a s s  c a l c u l a t e d .  R 8 s u l t s  o v e r  o n e  y e a r  s u g g e s t  t h a t  
a l t h o u g h  t h e  g r a z i n g  p o t e n t i a l  o f  s e a  u r c h i n s  i s  c o n s i d e r a b l e ,  
f i t t l e  i m p a c t  w a s  m a d e  o n  k e l p  b e d s  i n  t h e  s t u d y  a r e a .  T h e  
g r a z i n g  p o t e n t i a l  o f  P a r e c l ; i n u s  s e e m s  t o  b e  d i r e c t e d  
·  p r  i n c i p a l ! y  a t  t h e  e a r l y  s p o r o p h y t e s  o f  E c k / o n i a  m a x i m a  r a t l - \ e r  
~ h a n  a t  a d u l t  p l a n t s .  
S .  A f r .  J .  Z o o ! .  1 4 :  0 0 0 - 0 0 0  ( 1 9 7 9 )  
D i e  g e v o l g  v a n  b e w e i d i n g  o p  ' n  p l a a s l i k e  s e e w i e r b e d d i n g  
b e s t a a n d e  u i t  E c k l o n i a  m a x i m a  d e u r  d i e  g e w o n e  s e e k a s t a i i n g  
i s  o n d e r s o e k .  D a a r  w a s  ' n  b c h o e f t e  v 1 r  ' n  s o o r t g e i y k e  s t u d i e ,  i n  
d i e  l i g  v a n  d i e  b e l a n g n k h e i d  v a n  s e e w i e r b e d d i n g s  1 1 i r  d i e  
n a b y e  k u s  e k o s i s t e e m .  D a a r  b e s t a a n  m e n i g e  b e r i g t e  i n  d i e  
l i t e r a t u u r  m e t  b e t r e k k i n g  t o t  d i e  o m v a n g  v a n  s k a d e  a a n g e r i g  i n  
s o m m i g e  K a l i f o r n i e s e  e n  l < a : 1 a d e s e  o o s k u s  k e l p b e d d i n g s  d e u r  
b e w e i d i n g  v a n  s e k e r e  s o o : 1 e  s e e k a s t a i i n g s .  O n s  h e t  
p r o e f p e r s e l e  w a t  t i p i e s  v i r  d i e  b e o i e d  i s ,  g e k i e s  e n  b l y w e n d  
g e m e r k .  D i e  p r o e f p e r s e e l  i s  h e r h a a l d e  k e r e  g e d u r e n d e  d i e  
s t u d i e - t y d p e r k  v a n  s e e k a s t a i i n g s  b e v r y ,  m a a r  n i e  d i e  k o n t r o l e -
p e r s e e l  n i e .  K e i p e  w a t  o p  d i e  p e r s e i e  g e g r 0 e :  h e t  1 3  e ! k e  
s e i s o e 1 1  g e - o e s ,  g e ! e i ,  e n  d i e  d r o e  m a s s a  b e p a a l .  R e s u l t a t e  
g e d u r e n d e  e e n  j a a r  d u i  a a n  d a t .  o f s ! : o o n  d i e  
b e w e i d i n g s p o t e n s i a a i  v a n  P a r e c h i n u s  a a n s i e n l 1 k  i s ,  d a n r  
n i e t e m i n  u i t w e r k i n g  o p  d i e  k e l p b e d d i n g s  v a n  d i e  a r e a  b l y k  t e  
w e e s .  B e w e i d i n g s d r u k  v a n  P a r e c h i n u s  b l y k  t o t  · n  h o e  m a t e  
t e e n  d i e  s p o o r k i e m p l a n t e  v a n  E c k ! o n i a  m a x i m a  g e r i g  t e  w e e s .  
i n  p l a a s  v a n  ' n  u i t d u n n i n g s e f f e k  o p  v o i w a s s e  p l a n t e  t e  h e .  
S . - A t r  T y d s k r .  D w r k  1 4  0 0 0 - 0 0 0 1 1 9 7 9 )  
A . H .  F r i c k e  
N a t i o n a l  R e s e a r c h  I n s t i t u t t ·  f o r  O c c a n o ! o ; y ,  C S I R ,  
c / o  D e p a r t m e n t  o f  O c e a n o g r a p h v ,  U n i v e r s i t y  o f  C a p e  T o w n ,  
R o n d c b o s c h  7 7 0 0  
A c c e p t e d  J  8  O c t o ~ r  1 9 7 8  
P a r e e  h i  n u s  a n g a l o s u  ~ L e s k e  i s  t h e  m o s t  w i d e s p r e a d  o f  
S o u t h  A . f r i c a n  e c h i n o i d s ,  f o r m i r , g  v e r y  d e u s e .  s o m e t i m e s  
c o n t m u o u s  p o p u l a t i o n ! ;  c f  u p  t o  9 0  a n i m a l s  p e r  m ;  i n  s o m e  
i n s h o r e  l o c a l i t i e s  • . 1  o u n c  t h e  C a p · i  P e n i n r n l a .  T h e i r  i · t i g . h  
µ o p u l a i . i o n  d e n s i t y  a n d  v o r a c i o u s  f e e d i 1 w ,  p : : n : e r n  ( G r e e n -
w o o d  i  9  i  5 ;  B u x t o n  1 9  7 7 )  i m p l y  t h a t  t h e s e  e c h i n o d e r m s  
p l a y  a · · m a j o r  r o l e  i n  t h e  k d p  e c o s y : : t e m .  K d p  b e d s  h s \ c .  
r e c e n t l y  b e e n  s L o w n  t o  h a v e  c o n s i . : i : ; r L b i e  i m p o r i a n c ' !  n o t  
o n l y  a s  n u r s e r y  g r o u n d s  f o r  n u m e r o m ,  i n v e r t e b r a t e s  c u d  
f i s h  s p e c i e s  ( M a n n  1 9 7 2 a .  b ;  M i l l e r  &  i \ r . : : : u : :  1 9 7 3 ;  F i e l d  n  
a l .  l  9 T / ) ,  b u t  a l s o  t o  b e  o f  g r e a t  p r l c e n t i a i  c o m m e r c i a l  
i m p o r t a n c e  a s  a  s o u r c e  o f  v a l u a b l e  e x t m ~ ( . s  { S i r , 1 c n s  1 9 7 7 ) .  
T h e  d e s t r u c t i v e  e f f e c t  o f  i n t t - : · t s e  g r a 7 . i r i g  b y  C a E f o r n i a n  
u r c h i n s  S t r o n g y l o c e n t r o t u s  s p p .  o n  b e d s  o f  M a c r o : _ : , : , I i !  
p y r i f e r a  · h a s  b e e n  d e s c r i h c d  b y  ' N o n h  ( l  % 5 ) ,  N o : - t h  : . n d  
P e a r s e ·  ( 1 9 7 0 ) ,  L e i g h t o n  c t  a l .  (  J  % 6 \  \ f a t t i s c m  c t  a l .  q  r T ) .  
B r e e n  a n d  M a n n  ( 1 9 7 6 )  a n d  L a n g  ; ; ; ; d  ; \ 1 . r u : n  ( 1 9 7 G ) .  / J o n : ? ,  
t h e  e a s t e r n  c o a s t  o f  C a n a d t l  e  , . - ; d e n c c  [ o r  a d v a n c : n ; ;  
d e s t r u c t i o n  o f  b e d s  o f  L a m i n a r i a  h . , n g i c m r i s  a n d  L  : l f . z i 1 1 . 1 1 0  
b y  S t r o n g y l o c e n t r o t u s  s p p .  h a s  b e e n  t l H ·  s u b y : c t  c ! '  d e t i : i : e : ~  
s t u d y  b y  w o r k e r s  i n  N o v a  S c o t i a .  I n t e r e s t  i n  o u r  - . t u d y  w a : ;  
s t i m u i a t e d  b y  s i m i l a r i t i e &  b e t w e e n  t h e  s i t u a t i o n  i n  l b < ' .  , · i c i  
n i t y  o f  t h e  C a p e  P e n i m u h 1  a n d  ; , a r t s  o f  t t e  C a i i f o m i a n  a n d  
C a n a d i a n  c o a s t .  I n  a l l  t h e s e  a r e a s  k e l p  p r o d u c t i v i t v  i ~  h i g h  
b e c a u s e  e n v i r o n m e n t a l  c o n d i t i o n ~  a r e  f a v o u r a b l e ,  w h i l e  
o v e r - e : c : p l o i t a t i o n  o f  t h e  c o n t r o l ! m g  p r e d a t 0 r s  o f  t h e  h e r b i -
v o r o u s  u r c h i n s  a p p e a r s  t o  h ~ v e  a f f t . ; t c d  t h e  b a l a n c e  o f  t t : e  
k e l p  e c O E y s t e m .  T h e  d e s t r u c t i o n  w r o u g h t  b y  i r > c r e a s e d  
n u m b e r s  o f  u r c h i n s  i l l  C a l i f o r n i a n  a n d  C a n a d i a n  k e l p  b e d s  
d o c s  n o t  s c e ; n  a p p a r e n t  i n  t h e  v i i : : i n i t y  o f  t h e  C a p e  P e n i n -
s u i a .  A  m a p  o f  t h e  1 1 r c a  i s  s h o w n  i n  F i g .  1 .  
T h e  p r o n o u n c e c !  u p w e l l i n g  c o n d i t i o n s  a l o n g  t h e  C ? i X  
w e s t  c o a s t ,  w i t h  ! h e i r  h i p , h  p r o d u c . : i . i v i t y  ( F i e l d  e l  a l .  !  9 T i )  
a n d  g e r , e r a l l y  t u r b u ! e n l  s e a  c o n d i t i o n s ,  m n y  p r r . v r n t  t : r c h i n s  
f r o m  g r a z i n g  o n  a t t a c h e d  k e l p s ,  w h i i e  g e n e r a t i n g ·  a n  
a b u n d a n t  s u p p l y  o f  o r g a n i c  m a t t e r  a ~  f o o d  f o r  t h e  
e c h i n o i d s .  O b s e r v a t i o n s  o n  a  p ' . m  n e a r  t h e  s t u d y  a , e : :  : l ~  
M i l i e r s  : : > c i n t ,  F a i s e  B a y  s u g g e s t e d  h O \ \ t : , . : r ,  t h a t  p r < ' ! e c -
t i o n  i r o n 1  s e a  u r c h i n s  f e r  a  ; n a t t e r  o f  m o n t h s  r e s u l t e d  i • 1  a  
d r a m a t i c  i n c r e a s e  i n  t h e  d e n s i t y  o f  . ~  s t a ; 1 d  o f  E c l : ! , : , i i : ' , z  
n u c d n w  w i t h i n  l i t t l e  m o r e  t h a n  a  y t ; : , r .  F o ! l O \ . l ' i n g  : ; p : , r i  
t h e s t  p r e ; i t n i n n r y  f i t : d i n g s ,  a n  c x . p c r i n 1 c n t  \ \ · a , ;  s . t ~ ! ~ t c d  \ \ ' h 1 ( : : 1  
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$  
S e a l  I s l .  
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F a l s e  B a y  
/  e x p t  l .  s i t e s  
~ ·  M i l l e r s  P o i n t  
. • •  o  
5  1 0 k m  
P o i n t  
f ' i g .  I  M a p  o f  C a p e  P e r . i n s u l a  s h o w i n g  t h e  l o c a t i o n  o f  e x p e r i m e n t a l  
' • l l a t i o n s .  
, n s i s t e d  o f  a  s e r i e s  o f  s e a s o n a l  k e l p  h a r v e s t s  o v e r  a  s t u d y  
s i t e  a n d  c o n t r o l .  
P e r m a n e n t  s t a t i o n s  
T h e s e  w e r e  e s t a b l i s h e d  a t  M i l l e r ' s  P o i n t ,  F a l s e  B a y ,  b y  
~ a c i n g  c i r c u l a r  c o n c r e t e  a n c h o r s  o i  l o w  r e l i e f ,  w e i g h i n g  
7 0  k g  i n  a i r ,  o n  l e v e l  p o s i t i o n s  o n  t h e  s e a - b e d  ( F i g .  2 ) .  T h e  
a n c h o r s  w e r e  f i t t e d  w i t h  s m a l l  s u b - s u r f a r . e  b u o y s  t o  
l a c i l i t a t e  r e l o c a t i o n .  I t  w a s  e s s e n t i a l  t h a t  t h e  a r r a n g e m e n t  
s h o u l d  w i t h s t a n d  t u r b u l e n t  s e a  c o n d i t i o n s  a n d  p o s s i b l e  
t a m p e r i n g .  U n d e r  n o  a c c o u n t  w a s  t h e  a n c h o r  t o  m o , c  o r  
e l s e  t h e  s t u d y  w o u l d  b e  a f f e c t e d .  F o r  t h e  s a k e  o f  c l a r i t y ,  t h e  
t e r m s  c r o p p i n g  a n d  h a r v e s t i n g  w i l l  b e  u s e d  f o r  p l a n t  
• • . m a t e r i a l ,  w h i l e  u r c h i n s  a r e  c l e a r e d  o r  r e m o i · e d .  
T w o  e x p e r i m e n t a l  s t a t i o n s  i n  a  k e l p  b e d  ( t h e  s t u d y  s i t e  
a n d  t h e  c o n t r o l )  w e r e  s e l e c t e d  s o  t h a t  t h e y  w e r e  a s  s i m i l a r  
a s  p o s s i b l e  w i t h  r e s p e c t  t o  s u b s t r a t e  t o p o g r a p h y  a n d  a s p e c t .  
. T h e  s t a t i o n s  ~ o n s i s t c d  o f  c i r c t 1 l a r  a r e a s  o f  l  O  m  
2
•  S u c h  a n  
· e a  w a s  s w e p t  b y  a  r a d i a l  l i n e  i , 7 8  m i n  l e n g t h .  F o r  p u r -
p o s e s  o f  h a r v e s t i n g .  t h e  s t a t i o n s  w e r e  d i v i d e d  i n t o  f o u r  
q u a d r a n t s  b y  m e a n s  o f  w e i g h t e d  l i n e s  l a i d  o u t  i n  t h e  
c o m p a s s  d i r e c t i o n s .  
T h e  e x p e r i m e n t  w a s  s t a r t e d  b y  d e a r i n g  a l l  u r c h i n s  f r o m  
l b e  s t u d y  s i t e  a n d  a l s o  f r o m  a  r i n g - s h a p ~ d  o u t e r  z o n e  
1 , 2 2  m  w i d e .  T h e  e n t i r e  c l e a r e d  a r e a  t h u s  h a d  a  r a d i u s  o f  
3  m  ( a r e a  =  2 0  m  
2
) .  E x p e r i e n c e  s u g g e s t e d  t h a t  t h e  b u f f e r  
z o n e  w a s  w i d e  e n o u g h  t o  d T e c t i v e l y  p r o t e c t  t h e  s t u d y  s i t e ,  
! p r o v i d e d  u r c h i n s  w e r e  c l e ' . ' l r e d  a v . · a y  a t  r o u g h l y  m o n t h l y  
, , ~ t e r v a l s .  B o t h  s i t e s  w e r e  i n i t i a l l y  c r o p p e d  f r e e  o f  a l l  h u t  
. - - - - - - ' · - - - - - - - - - - - · · - · - - - - - - - - - - - - · 1  
,  $ , a  s u i f a c . r  - - - i  
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, ,  
y  s u b - s u r f u r  b u c 1  i d ; • , , ,  1 2 0 m m t  
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F i g .  2  L a y o u t  o f  q :  . 1 d r a n t  l i n e s  o n  e x p e r i m e n t a l  s t a ! i o n s .  
a d u l t  k e l p s ,  · w h i c h  w e r e  l e f t  i n  s i t u  t o  p r o v i d e  c a n o p y  c o v e r .  
H v l d i a s t s  o f  h a r v t s t e d  E c k l o n i a  w e r e  r e m o v e d  s i n c e  r e -
c o l o n i z a t i o r i  i s  f a Y o u r c d  b ~ :  t h e  p r o t e c t i v e  s h e l t e r  < ' f f c r e d  b y  
t h e  m e s h w o r  k  o f  t h e  i a : p t e r a .  
T h e  k e l p s  h a r v e s t e d  w e r e  c o u n t e d  a n d  t r . c i r  d r y  m a ~ ~  ( a t  
1 0 5  ° C )  d c t e r m i n ~ d  f r o m  a  w e t / d r y  m a s : ;  r e g r e s s i o n  g i v e n  
b y  B u x t o n  ( 1 9 7 7 )  ( d m  =  - - 0 , 1 1  +  0 , 1 5  w m ;  N  = - =  2 0 :  
r
2  
=  0 , 8 4 ) .  A d u l t  c a n o p y  p i a n t s  w e r e  c o u n t e d  t o  c h e c k  o n  
l o s s e s  i n  t h e  c o u r s e  o f  t i m e .  
A f t e r  t h i s  i n i t i a l  p r e p a r a t i o n ,  a  t h r e e - m o n t h  p e r i o d  w a s  
a l l o w e d  t o  e l a r s e  b e f o r e  t h e  f i r s t  q u a d r a n t ~  ( F i g .  ? )  o n  t h e  
s t u d y  s i t e  ( Q s )  a n d  c o n t r o l  ( Q c )  w e r e  c r o p p e d  o f  n e w i y  
g r o w n  k e l p s .  A f t e r  s u c : : : c s s i v e  t h r e e - m o n t h  p e r i o d s  o f  
q u a d r a n t s  2 ,  3  a n d  4  o n  b o t h  s t a t i o n s  w e r e  s i m i l a r l y  
h a r v e s t e d .  F i n a l l y ,  t h e  e n t i r e  a l g a l  c o v e r  ( . n  b o t h  s t a t i o n s  
w a s  c r o p p e d .  T h i s  w a s  d o n e  i n  o r d e r  t o  d e t e r m i n e  t h e  t o t a l  
a m o u n t  o f  k e l p  p r o d u c e d  d , . i r i ~ g  t h e  p e r i o d  o f  s t u d y .  
C o r r e c t i o n  f o r  s u b s t r a t e  s u r f a c e  i r r e r , 1 u ! a r i t i e s  
A v a i l a b l e  : ; o l i d  s u b s t r a t e  s u r f a . : e  s e e r n s  t o  b e  o f  i m p o r t a n c e  
i n  t h e  d c n , i t y  d i s t r i b u t i o n  o f  s e a  u r c h i n s  a t  h i g h  p o p u 1 a t i o : 1  
d e n s i t i e s  ( D a h l  1 9 7 3 ;  L a x t o n  &  S t a b l u m  i 9 7 4 :  G r e e n ~ v o o d  
1 9 7 5 ;  F r i c k e  1 9 7 6 )  s i n c e  t h e  e c h i n o i c i s  1 v o i d  u n c o n s o l i d -
a t e d  s e d i m e n t .  M e a s u r e m e n t  o f  s : r b s t r a , c  s u r f o c e  w i t h i n  t h e  
1 0  m  
2  
o f  b o t h  e x p e r i m e n t a l  p ! o t s  w a s  d o n e  a f t e r  t h e  l a s t  
k e l p  h a r v e 5 t  l 1 a d  l e f t  t h e  t w o  p l o t s  b a r r e n .  A  c o u n t i n g  w h e c L  
d e s c r i b e d  i n  a n  e a r H e ,  p : i p c r  ( F r i c k e  l  9 7 6 )  w a s  e m p l o y e d  
f o r  t h i s  t a s k .  
F o u r  w e i g h t e d  q u : 1 d r n n t  l i n e s .  l ,  7 8  m  l o n g  w e r e  l a i d  o u t  
a s  e q u a i l y - s p ~ c c d  r a d i i  f r o m  t h e  c e n t r n l  a n d 1 o i ' .  E a c h  q u a d  
r a n t  w a s  t r e a t e d  i n d i v i d u ; . : l l y .  A  m r , v i n g  r a d i a l  l i n e  o f  t \ c .  
s a m e  l c n p , t h  a n d  m a r k e d  i n  t e n  e q u a l  i n t e r v ,
1
l s ,  e a c h  , t p -
r e s e n t i n g  a  s t e p  i a  t h e  r n e : : ! s l ' r e m e n t .  w a s  u s e d  i n  - : : o n j u n t >  
t i o n  w i t h  t l : c  c o u n t i ~ 1 g  w h e e l  ( F i g .  2 ) .  T h e  c l e v 1 c c  w a : ;  ( ' ~ ~ , ; -
f o l i y  p u s h ~ d  o v e r  t h e  i r r e g u l a r i t i c · ;  e : 1 . : n u r , t e r e d  i n  t h e  : 1 ! · l ·  
d e l i m i t i n g  a  q u a d r a n t  a t  e a c h  o f  t h e  r c n  m a r k s .  S : : . n t i  
p l ! t c h c s  w e r e  i ~ n o r , : d .  I n i t d  a n d  f i n a l  n : . : 1 d i n g ; ;  \ · ; ; . ' : r e  n o t e d  
o n  e a c h  a r c ,  g i \ · i r . g  r h e  n u m b e r  o f  i t \ o l • . l ! i ( l l l ,  r : {  t l : e  v ,  l l e c !  
a n d  h e n c e  i i n • ~ a r  d i s t : > , n c c  t r n v e l l e d .  
<( , )  ~ ~ \ - j \ \  .  
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F i g .  3  G e o m e t r i c a l  c o n s t r u c t i o n  t o  d e t e r m i n e  a r e a  o f  p a r t i a l  a n n u l u s  A  . .  
C a l c u l a t i o n  o f  s u r f a c e  a r e a  
E a c h  b l o c k  o f  s o l i d  s u b s t r a t e  w a s  c o n s i d e r e d  t o  a p p r o x i -
m a t e  a  p a r a l l e l - s i d e d  s l a b  ( s t r i c t l y  s p e a k i n g  a  s e g m e n t  o f  a  
p a r t i a l  a n n u l u s ,  a s  i n  F i g .  3 ( i ) .  T h i s  a s s u m p t i o n  r e s u l t s  i n  
o m i s s i o n s  o f  a r e a ,  b u t  t h e s e  a r e  c a n c e l l e d  o u t  o n  t h e  
_ a v ~ r a g e  b y  c o m p e n s a t i n g  o v e r - e s t i m a t e s  ( F i g .  3 ( i i ) ) .  ·  
_ F o r  t h e  s e c t o r  i n  F i g .  3 ( i )  
· A r e a  o f  s e c t o r =  t L 2  X O  r a d i a n s  
. ' f h e r e f o r e  a r e a  A  r e q u i r e d  : = =  t ( R
2  
- R  
2
)  X e  
s n f  l  =  ( R  +  R ) / 2 0  - - · -
E l i m i n a t i n g  t h e  a r e a  t e r m :  
a r e a  R
2
- R
2  
l e n g t h  =  R  +  R  =  R  - R ;  
T h u s  r e q u i r e d  a r e a  =  ( R  - R )  X  l e n g t h  o f  m e d i a l  1  
=  s p a c i n g  o f  b l o c k  X  l  
T h e r e f o r e  I :  a r e a  o f  b l o c k s  =  s p a c i n g  X  : E  l e n g t h  o f  b l o c k s  
T h e  p r e c i s i o n  o f  t h e  a b o v e  a p p r o x i m a t i o n  w a s  t e s t e d  b y  
t h r e e  r e p l i c a t e  m e a s u r e m e n t s  o f  a  c i r c l e  o f  1 0  m  
2  
o n  f i r m  
t e r r a i n .  T h e  r e p l i c a t e s  f e l l  w i t h i n  4 %  o f  t h e  t h e o r e t i c a l  v a l u e .  
R e s u l t s  a n d  D i s c u s s i o n  
_ U r c h i n  d e n s i t y ,  i m m i g r a t i o n  a n d  r e m o v a l  
W h e n  i n i t i a l l y  c l e a r e d ,  t h e  s t u d y  s i t e  h a d  a  P a r e c h i n u s  
d e n s i t y  o f  6 1  L ' l d i v i d u a l s  m -
2  
( 7 6  m -
2  
w h e n  c o r r e c t e d  t o  
a c t u a l  s u r f a c e  a r e a ) .  A t  t h e  c o n c l u s i o n  o f  t h e  e x p e r i m e n t ,  
t h e  u r c h i n s  l i v i n g  o n  t h e  c o n t r n l  s i t e  w e r e  a l s o  c o u n t e d  a n d  
t h e i r  n u m b e r s  c o r r e c t e d  ( T a b l e  1 ) .  T h e r e  w a s  n o  s i g n i f i c a n t  
d i f f e r e n c e  b e t w e e n  t h e  t w o  s i t e s .  T h i s  s u p p o r t s  t h e  w e l l -
k n o w n  f a c t  t h a t  s u b s t r a t e  s u r f a c e  a v a i l a b i l i t y  i s  o f  
i m p o r t a n c e  t o  m a n y  s e s s i l e  a n d  s l o w - m o v i n g  m a r i n e  o r g a n -
i s m s  ( M a r s h  1 9 7 0 ;  D a h l  1 9 7 3 ;  L a x t o n  &  S t a b l u m  1 9 7 4 ) .  
· ,  
M S  4 0 : , 1  - ~  
T s b ! e  1  N u m b e r  o f  P a r e c h i n u s  r . k i a r e d  f r o m  
e x p e r i m e n t a l  s t a t i o n s ,  c o r r e c t e d  f o r  a c t u a l  b ( - ) n t h i c  a r e a  
S t u d y  S i t e  
C o n l ! o i  
- - - - - - - - · - - - - -
P r o j e c t  a r e a  ( m  2 )  
1 0  
1 0  
A c t u a l  a r e a  ( m  2 )  
8 . 0  
1 1 , 5  
P e r c e n t a g e  d i I T e r e n c , e  
- 2 0  
+ 1 5  
N u m b e r  o f  u r c h i n s  
6 0 9 ·  
8 3 1 h  
U r c h h 1 s  m -
2  
6 1  
8 3  
U r c h i , 1 s  m · ·
2  
( c o r r . : c t e d )  
7 6  
7 2  
•  U r c h i n s  c l e a r e d  f r o m  t h e  s t u d y  s i t e  a t  t h e  b e g i n n i n g  o f  t h e  e x p e r i m e n t . .  
b  U r c h i n s  c l e a r e d  f r o m  t h e  c o n t r o l  a t  t h e  e n d  o r  t h e  e x p e r i m e n t .  
T h e  t o t a l  n u m b e r  o f  P a r e c h i n u s  r e m o v e d  d u r i n g  t h e  s t u d y  
( e x c e p t i n g  t h e  c o n t r o l )  w a s  7 8 5  a n i m a l s .  
T h e  s c h e d u l e  o f  m : t i n t e n a n c e  c l e a r i n g s  0 1  u r c h i n s  i s  s u m -
m a r i z e d  i n  F i g .  4 :  D a t a  f r o m  a  p i l o t  s t u c l y  a r e  a l s o  s h o w n  
a n d  s u p p o r t  t h e  e v i d e n c e  f o r  a  f 1 u c t u a t i n g  s e a s o n a l  i m m i - ·  
g r a t i o n  r a t e .  T h e  t w o  s t u d i e s  w ~ r e  p e r f o r m d  o n  d i f f e r e n t  
s c a l e s ,  h e n c e  t h e  d i f f e r e n c e  i n  u r c h i n  m : i m  ; . e r s .  I m m i -
g r a t i o n  o f  I ' a r e c h i n u s  s h o w s  h i g h e s t  v a l u e s  b c . - , 1 e e n  
S e p t e m b e r  a n d  N o v e m b e r ,  w h i l e  t h o s e  f o : ·  t h e  p e r i o d  f r o m  
N o v e m b e r  t o  A p r i l  a r e  l o w .  T n i &  ~ p p e : r f  t c  b e  r e i , , t e d  t o  
t h e  r e p r o d u c t i v e  c y c l e  o f  t h e  u r c h i n  ( F r i c k e  1 9 7 4 ) .  N e a r  
s p a w n i n g ,  P a r e c . ' z i n u s  a p p e a r s  t o  r e : n a i n  r e l a t i v e ! ~ '  
s t a t i o n a r y  ( p e r s .  o b s . ) ,  w h i l e  t h e  f e e d i n g  r n t e  o f  g r e . v i d  
u r c h i n s  i s  m u c h  r e d u c e d  ( G r c : . e n w o o d  1 9 7 5 ;  A . H .  F r i c k e  
u n p u b l . ) .  
K e l p  h a r v e s t s  
T a b l e  2  s u m m a r i z e s  t h e  h a r v e s t i n g  d a t a  f o r  t h e  e r ; t i r : !  s t u d y .  
A l t h o u g h  t h e  a c t u a l  s u r f a c e  a r e a  b e t w e e n  t h e  s i t e s  d i f f e r s  b y  
3 5 % ,  t h e  a d u l t  p o p u l a t i o n  o f  E c k l o n i a  f o u n d  i n i t i a l l y  w q s  
s i m i l a r  ( 1 4  k e l p s  w e r e  f o u n d  o n  t h e  s t u d y  s i t r .  a n d  l  l  o n  t h e  
c o n t r o l ) .  S u r f a c e  a r e a  a p p e a r s  t o  b e  o f  n o  i m p o r t a n c e  : o  
k e l p  d e n s i t y  ( K . H .  M a n n  p e r s .  c o m m .  1 9 7 6 ,  A .  C h a p m a n  
p e r s .  c o m m .  1 9 7 7 )  u n l e s s  t h e  w a t e r  c o i u m n  i : ,  m ; d e , -
u t i l i z e d .  T h i s  w o u l d  b e  t h e  c a s e  i f  s a n d  p a t c h e s  l a r g e r  t h a n  a  
m a t u r e  k e i p  p l a n t  i n t e r v e n e d  b e t w e e n  s o l i d  s u b s t r a t e .  
I n i t i a l  c r o p p i n g  
T h i s  o p e r a t i o n  s e r v e d  t h e  p u r p o s e  o f  d e t e r m i n i n g  s t a n d i n e  
s t o c k  a t  t h e  s t a r t  o f  t h e  e J ( p e r i m e n t .  T h e  n u m b e r  o f  i n d i -
v i d u a l s  h a r v e s t e d  o n  t l : . e  s t u d y  s i t , ~  w a s  a l m o s t  t w i c e  t h a t  
o b t a i n e d  f r o m  f a e  c o n t r o l ,  w h i l e  t h e  r a t i o  o f  b i o m a s s  w H s  
1 , 8 : l  ( T a b l e  3 ) .  A d u l t  c a n o p y  k e i p s  w e r e  c o u n t e d  d u r i n g  
s u c c e s s i v e  f i e l d  t r i p s  t o  i o i l o w  t h e i r  f r . t e  { T a b l e  4 ) .  S u c h  i , i -
f o r m a t i o n  i s  v a l u a b l e  b e c a u s e  s u d , i e n  b r e a k s  i r .  t h e  c a n o p y  
( e . g .  a s  a  r e s u l t  o f  a  s t o r m )  m a y  · s i g n i f i c a n t l y  c h a n g e  l i g h t  
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f 1 m !  s : : o t e ( I T ' o r , f h ! i . '  
i q 7 7  
F i g .  4  I m m i g r a t i o n  o f  P a r c c h i 1 1 ! 1 S  a n g u l o s u s  i n t o  c l e a r e d  s i t e s .  T h e  s o l i d  l i n e  d e n o t e s  d 1 t a  C ' f  t h e  p r e s e n t  s t u d y  ( 5 c n l c  l ' n  l e f t ) .  D a s h e d  l m . : s  r e f e r  t o  d a t a  
o f  a  p i l o t  s t u d y  ( : ; ~ r J e  o n  r ; g : h t ) .  
1 b l e  2  I n i t i a l ,  s e a s o n a l  a n d  f i n a i  h a r v e s t s  o f  E c k l o n i a  
i m . < J .  o n  e x p e r i m e n t a l  s t a t i o n s  a t  M i l l e r s  P o i n t ,  F a l s e  
- - - - - - - - - - - - - - - -
Q u a d r a n t s  o f  s t u d y  s i t e  
Q s l  Q s 2  Q s 3  
Q s 4  
7 , 9 . 7 6  
7 . 9 . 7 6  7 . 9 . 7 6  7 . 9 . 7 6  
5 7  7 4  
8 0  
1 3  
1 5 7 5  2 2 1 7  1 7 9 2  6 4 5  
3 . 1 2 . 7 6  1 0 . 3 . 7 7  7 . 6 . 7 7  
1 0 . 9 . 7 7  
6 8  
1 7 5  
6 0  
2 9  
5  
5 8  1 0 2  1 1 0  
2 5 . 1 2 . 7 7  2 5 . 1 2 . 7 7  2 5 . 1 2 . 7 7  2 5 . 1 2 . 7 7  
N u m b e r s  
2 4  2 4  4 5  2  
M a s s  ( g )  
2 7  
1 6  4 3  
3  
- - - -
Q u a d r a n t s  o f  c o n t r o l  
Q : : 1  
Q c 2  Q c 3  
Q c 4  
3 4  
3 E  
2 7  1 7  
1 9 1 2  7 4 2  4 2 2  
4 8 ! ,  
3 . 1 2 . 7 6  1 0 . 3 . 7 7  7 . 6 . 7 7  1 0 . 9 . 7 7  
4 5  l 1  S 5  
2 8  
4 , 5  1 2 1  0 , 1  
- - - - - -
1 3  8  
1 6  2 6  
' ! a b i l i t y  t o  s u b - c a n o p y  k e l p s ,  r e s u l t i n g  i n  a n  u n e x p e c t e d  
, w t h  r e s p o n s e  ( K a i n  1 9 7 7 ) .  I n  t h e  s h a l l o w - w a t e r  e n v i r o n -
t  o f  t h i s  l o c a l i t y  ( 4 - 6  m )  t h i s  c o n s i d e r a t i o n  w a s  p a r -
' ~ u l a r l y  r e l e v a n t .  
T h e  t w o  s i t e s  b e i n g  r e l a t i v e l y  s m a l l  ( 1 0  m 2 ) ,  i n d i v i d u a l  
p a r i s o n s  o f  p l a n t s  c o u l d  n o t  b e  m a d e .  T h e r e f o r e  t h e  
· o p  f o r  a  s i t e  w a s  c o n s i d e r e d  a s  a  w h o l e .  T h e  c r o p p i n g  o f  
b - c a n o p y  k e l p s  s e r v e d  t h e  p m - p o s e  f i r s t l y  o f  d e t e r m i n i n g  
, e  s t a n d i n g  s t o c k  o f  i m m a t u r e  E c k l o n i a  a n d  s e c o n d l y  o f  
e a l i n g  a n y  s e a s o n a l i t y  i n  r e c r u i t m e n t .  D i f f e r e n c e s  
e e n  t h e  t w o  s i t e s  w o u l d  s u g g e ~ : t  a n  e f f e c t  o f  u r c h i n s  
a z i n g  o n  y o u n g  ~ p o r o p h y t e s .  
a b l e  3  C o m p a r i s o n  o f  k e l p  y ! e i c l  b ~ t w e e n  s t u d y  s i t e  
i d  c o n t r a !  ( e x c l u d i n g  a d u l t  k e i p s }  
~ t u d y  s i t e  R a t i o  C o n t r o l  
( Q s l - 4 )  ( Q s / Q c )  ( Q c l - 4 )  
· ,  - I n i t i a l  h a r v e s t  
N o .  o f  i n d i v i d u a l s  2 2 4  1 , 9 : 1  1 1 6  
B i o m a s s  ( g  d r y  m a s s )  6 2 2 8  1 , 8 : 1  3 5 6 2  
- -
f ' m a l  h a r v e s t  
,  N o .  o f  i n d i v i d u i i J s  9 5  
4 , 5 : 1  
2 1  
B i o m a s s  ( g  d r y  m a s s )  8 8  2 , 1  : l  4 2  
C o m b : n e d  s e a s o n a l  h a r v e s t  
N o .  o f  i n d i y i d u a l s  
3 3 2  3 , 0 : 1  1 1 2  
B i o m a s s  ( g  d r y  m a s s }  
2 7 4  1 , 8 : l  
1 5 ~  
- - · - - - - - - - · ·  - - - - - ·  . . .  - - - - - · · - - - - ·  
T a b l e  4  F a t e  o f  c a n o p y  k e l p s  o n  e x p e r i m e n t a l  s t a t l o  . .  s  
( n u m b e r s  o f  p l a n t s )  
D a t e  o f  c o u n t  
S t u d y  s i t e  
C o n t r o l  
- - - -
2  D e c e m b e r  1 9 7 6  
1 4  
1 1  
1  F e b r u a r y  1 9 7 7  
1 2  
! O  
7  M a r . · h  l 9 i 7  
8  1 0  
2 6  A p r i l  1 9 7 7  
7  
9  
3  N o v e r n b ; ; r  1 9 7 7  
6  
6  
S e a s o n a l  c r o p p i n g  
T h r e e  m o n t h s  a f t e r  i n i t i a l  c r o p p i n g  o f  s u b - c a n o p y  k e l p s  o n  
b o t h  s i t e s  t h e  r e s p e c t i v e  f i r s t  q u n d r a n t s  ( Q s  1  i m d  Q c  J )  w e r e  
h a r v e s t e d .  A  r e s p o n s e  t o  p r o t e c t i o n  f r o m  u r c h i n  g r a z i n g  
e m e r g e d  c l e a r l y  ( T a b l e  2 ) ,  i n  t h a t  3 4 %  m o r e  p l a n t s  s u r -
v i v e d  o n  t h e  s t u d y  s i t e .  T h e  f i g 1 ! 1 " e s  o b ~ a i n e d  f o r  t h e  b i o m a s s  
w e r e  h o w e v e r ,  p u z z l i n g .  T h e  p l a n t s  w h i c h  g r e w  o n  t h e  s t u d y  
s i t e ,  a l t h o u g h  m u c h  h i g h , ! r ,  h a d  a  c o m b i n e d  b i o m a s s  o f  
r o u g h l y  o n e - - s i x t h  o f  t h o s e  o b t a i n e d  o n  t h e  c o n t r o l .  A  d e p t h  
d i f f e r e n c e  f o u n d  b e t w e e n  t h e  t w o  p l o t s  w a s  p r o b a b l y  t h e  
c a u s e .  
K a i n  ( 1 9 7 7 )  c a m e  t o  t h e  t e n t a t i v e  c o n c l u s i o n  t h a t  p r o -
t e c t i o n  d u e  t o  c  ~ p t h  . m a y  b e  t h e  c a u s e  o f  t h i n n e s s  o f  S ! n a i l  
l v o u n g )  f r o n d s .  E c k l o ; • : , 1  w h i c h  g r e w  o n  t h e  ; s h 1 1 l l o w e r  s i t e  
( c o n t r o l )  p ( ' ) s s e s s e d  t h i c k e r  f r o n d s ,  a l s o  b e i n g  l a r 1 w r  e n  t h e  
a v e r  . 1 g e  ( 5 0 %  o f  p l a n t s  f r o m  t h e  c o n t r o l  e x c e e d e d  9 0  m m  i n  
l e n g t h ,  h u t - o n l y  1 3 %  f r o m  t h e  s t u d y  s i t e  r e a c h e d  t h a t  
v a l u e ) .  
T h e  s e c o n d  h a r v e s t  ( Q s 2  a n d  Q c 2 )  s h o w e d  t h e  r e s p o m ~  
t o  p r o t e c t i o n  e v e n  m o r e  c l e a r l y  ( T a b l e  2 ) .  O n c e  a g a i n  t h e  
j u v e n i l e  k e l p s  a r e  b o t h  s m a l l e r  a r i d  f i l m i e r  o n  t h e  s t u d y  s i t , . : .  
T h e  t h i r d  h a r v e s t  ( Q s 3  a n d  Q c 3 ) ,  w h i c h  t o o k  p l a c e  i n  
w i n t e r ,  s h o w e d  a  d r o p  i n  n u m b e r s  b y  t w o - t h i r d s  r e l a t i v , ; :  t o  
t h e  p r e v i o u s  c r o p ,  w h i l e  t h e  c o n t r o l  s h e w e d  a n  i n c r e a s e .  I n  
t h e  c o u r s e  o f  t h e  n i n e  m o n t h s  w h i c h  h a d  e l a p s e d  s i n c e  t h e  
o r i g i n a l  c r o p p i n g ,  a  n u m b e r  o f  E c k l o r t i a  h a d  d e v e l o p e d  
s e c o n d a r y  f r o n d s .  T h e  l o w  w i n t e r  y i e l d : ;  w e r e  u n l i k e l y  t o  
r e s u l t  f r o m  s t o r m  d a r r . a g e ,  s i n c e  y o u n g  k e l p s  w e r e  n e v e r  
f o u n d  w a s h e d  u p  o n  t h e  s h o r e .  O b s e r v a t i o n s  d u r i n g  ~ i n t e r  
s h o w e d  f e w  j u v e n i l e s ,  w h i l e  a d u l t  k e l p s  h a d  m u c h  f r o n t - t i p  
e r o s i o n  a n d  a p p e a r e d  f l a c c i d  a n d  b l a n c h e d .  A  f e w  c a n o p y  
k e l p s  w e r e  s e e n  t o  h e  d y i n g  o f f .  
T h e  f o u r t h  h a r v e s t  ( Q s 4  a n d  Q c 4 )  w a s  s m a l l ,  i n  f a c t  t h e  
c o n t r o l  w a s  a l m o s t  d e v o i d  o f  E c k l o n i a .  ·  
T h e  v a r i a t i o n s  o f  t h e s e  s e a s o n a l  h a r v e s t s  t i e  i n  w e l l  w i t h  
r e s u l t s  o b t a i n e d  i n  t h e  p i l o t  s t u d y  c a r r i e d  o u t  i n  a  s i m i l a r  
m a n n e r  ( F i g .  5 ) . ·  T h e  p e a k  n u m b e r  o r "  k e l p s  h a r v e ! ; t e d  w a s  
f o u n d  b e t w e e n  J a n u a r y  a n d  M a r c h ,  w h i l e  t h e  i o w e s t  v a l u e s  
w e r e  r e c o r d e d  d u r i n g  t h e  p e r i o d  f r o m  J u n e  t o  S e p t e m b e r .  , h  
t h e r e f o r e  a p p e a r s  t h a t  y o u n g  s p o r o p h y t c s  o f  E c k l o n i a  c o m -
m e n c e  a c t i v e  g r o w t h  i n  e a r l y  s u m m e r  a n d  c o n t i n u e  o n  i n t o  
a u t u m n .  I n  o t h e r  w o r d s ,  t h e  s o u t h e r n  w i n t e r  r e p r e s e n L ,  2  
p e r i o d  o f  d o r m a n c y  f o r  E .  m a x i m a .  T h i s  a g r e . . : s  w i t h  t h e  
f i n d i n g s  o f  G . S .  D i e c k m a n n  &  N . G .  J a r m a n  ( D e r s .  c o m m .  
1 9 7 8 ) .  
F i n a l  [ : i f c  f : r o p p f n g  
A t  t h e  e n d  o f  t h e  o n e - y e a r  s t u d y ,  b e t h  p l o t s  w e r e  c r o p p e d  
c l e a r  o f  a l l  k e l p s  i n  o r d e r  t o  a s s e s s  t h e  o v e r a l l  c h a n g e  i f l  
n u m b 0 r s  o f  p l a n t s  a n d  b i o m a s s  r a t i o s  ( T a b l e s  2  a n d  3 ) .  
S i n c e  h a r v e s t  i n t e r v a l s  c o u l d  f o r  ~ n a v o i d a b l e  r e a s o n s  n o t  
b e  k e ! 1 t  e x a c t l y  t o  t h r e e  m o n t h s ,  i t  w a s  c o n s i d e r e d  m o r e  
m e a n i n g f u l  t o  c o m p a r e  r e s p e c t i ' v e l y  t h e  y i e l d s  , J f  t h e  i n i f a ! ,  
t h e - c o r r . t i n e d  s e a s o n a i  a n d  t h e  f i n a l  s i t e  h a r v e s t .  
y  a l g a l  c o m m u n i t y ,  e s p e c i a l l y  P t e r o s i p h o n i a  
1
o p h y l l a  w h i c h  t h e n  c o v e r s  m u c h  o f  t h e  a v a i l a b l e  s o l i d  
, s t r a t e .  
i M o s t  a c t i v e  v i s i b l e  g r o w t h  o f  E .  m a x i m a  a p p e a r s  t o  t a k e  
f r o m  D e c e m b e r  t o  A p r i l .  T h e  h i g h e s t  i n v a s i o n  r a t e s  o f  
' C h i n u s  i n t o  c l e a r e d  p l o t s  w e r e  o b s e r v e d  d u r i n g  s p r i n g ,  
: i b l y  i n  a n t i c i p a t i o n  o f  a n  i n c r e a s e d  f o o d  s u p p l y .  P r o -
· , o n  f r o m  u r c h i n  g r a z i n g  r e s u l t s  i n  a n  i n c r e a s e d  s u r v i v a l  
' O u n g  E .  m a x i m a  i n  F ! " J s e  B a y  k e l p  b e d s .  
n o w l e d g e m e n t s  
i n d e b i t t ' d  t o  D r  J . G .  F i e l d  w h o  c o r r e c t e d  t h e  f i n a l  d r a f t  
t h i s  p a p e r  a n d  t o  P r o f e s s o r  K .  M a n n  f o r  c o n s t r u c t i v e  
·  i s m .  T h e  c o o p e r a t i o n  o f  o f f i c e r s  o f  t h e  S e a w e e d  
, r a t o r y ,  S e a  F i s h e r i e s  B r a n c h ,  d u r i n g  d i v i n g  f i e l d  w o r k  
v e r y  m u c h  a p p r e c i a t e d .  T h a n k s  t o  M r  R . H .  S i m o n s  f o r  
1 t i f y i n g  a l g a l  m a t e r i a l .  W i t h o u t  t h e  p a t i e n c e  a n d  c o m -
t  b o a t - h a n d l i n g  o f  M r .  J .  A l l e n  o f  t h e  Z o o l o g y  D e -
1 e n t  o f  t h e  U n i v e r s i t y  o f  C a p e  T o w n ,  t h i s  s t u d y  w o u l d  
b e e n  i m p o s s i b l e .  T h i s  s t u d y  w a s  s u p p o r t e d  b y  f u n d s  o f  
D e p a r t m e n t  o f  E n v i r o n m e n t a l  S c i e n c e s  a n d  t h e  C S I R .  
N ,  P . A .  &  M A N N ,  K . H .  1 9 7 6 .  C h a n g i n g  l o b s t e r  a b u n d a n c e  a n d  
d e s t r u c t i o n  o f  k e l p  b e d s  b y  s e a  u r c h i n s .  M a r .  B i o l .  W a s h .  3 4 :  
7 - 1 4 2 .  
O N ,  C .  1 9 i 7 .  F e e d i n g  e c o l o g y  a n d  a s s i m i l a t i o n  i n  t h e  S o u t h  
r i c a n  s e a  u r c h i n  P a r e c h i n u s  a n g u l o s u s .  H o n s .  P r o j e c t ,  U n i v e r \ i t y  o f  
. .  p c  T o w n .  
L ,  A . L .  1 9 7  3 .  S u r f a c e  a r e a  i n  e c o l o g i c a l  a n a l y s i s :  q u a n t i f i c a t i o n  o f  
, t h i c  c o r a l  r e e f a l g : 1 e  . .  ' > f a r .  B i o l .  W a s h .  2 3 :  2 3 9 - 2 4 9 .  
. D , J . G . ,  J A R M A J I . ; ,  N . G . ,  D I E C K M A N N ,  G . S . ,  G R I F F I T H S ,  
. L ,  V E L I M I R O V ,  B .  &  Z O U T E N D Y K ,  P .  i 9 7 7 .  S u n ,  w a v e s ,  
.  w e e d  a n d  l o b s t e r s :  t h e  d y n a m i c s  o f  a  w e s t  c o a s t  k e l p  b e d .  S .  A f r .  J .  
' i . 7 3 :  7 - 1 0 .  
K E ,  A . H .  1 9 7 4 .  T e m p e r a t u r e  r e c o r d i n g  i n  s h a l l o w  m a r i n e  
1 v i r o n m e n t s .  T r a n s .  R .  S o c .  S .  A f r .  4 1 :  3 5 1 - 3 5 7 .  
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P A R T  1 1 1  
R E P R O D U C T l V E  R H Y T H M S  A N D  T H E  R O L E  O F  T E M P E R A T U R E  t N  T H E  R E G U L ~ R  
E C H  I  N O  I D  P A R . E C H I N U S  A N G U L O  S U S  L E S K E  I N  T W O  D I F F E R E N T  M A ? ,  I N E  
E N V I R O N M E N T S  A R O U N D  T H E  C A P E  P E N I N S U L A  
A B S T R A C T  
T e m p e r a t u r e  i s  c o n s i d e r e d  t o  b e  a n  i m p o r t a n t  f a c t o r  r e g u l a t i n g  
r e p r o d u c t i v e  b e .  a v i o u r  i n  m a n y  e c h i n o d e r m s .  T h e  u n u s u a l  h y d r o g r a p h i c  
s ~ r J c t u r e  a r o u n d  t h e  C a p e  P e n i n s u l a  m a d e  i t  p o s s i b l e  t o  t e s t  t h i s  
h y p o t h e s i s  b y  m o n i t o r i n g  t h e  r e p r o d u c t i v e  a c t i v i t e s  o f  t w o  n a t u r a l  
p o p u l a t i o n s  o f  P .  a n g u Z o s u s  l i v i n g  i n  d i f f e r e n t  t e m p e r a t u r e  r e g i m e s .  
M o n t h l y  s a m p l e s  o f  3 0  u r c h i n s  w e r e  c o l l e c t e d  f o r  o v e r  a  y e a r  n e a r  
R o b b e n  E i l a n d  a n d  M i l l e r s  P o i n t .  i n  F a l s e  B a y .  G o n a d  i n d i c e s  w e r e  
c a l c u l a t e d  t o  d e t e r m i n e  t h e  r e p r o d u c t i v e  s t a t e .  V a r i a t i o n s  o f  l J p i d  
c o n t e n t  r e l a t i v e  t o  d r y  b o d y  m a s s  w e r e  d e t e r m i n e d .  H i s t o l o g ) c a l  
s e c t i o n s  o f  c o r r e s p o n d i n g  g o n a d  s u b s a m p l e s  w e r e  p r e p a r e d  f o r  i n d i v i d u a l  
u r c h i n s .  L i p i d  l e v e l s  a g r e e  w e l l  w i t h  g o n a d  i n d i c e s ,  t h e  R o b b e n  E i l a n d  
v a l u e s  b e i n g  c o n s i s t e n t l y  l o w e r  t h a n  t h o s e  o f  M i l l e r s  P o i n t .  S i x  
d e v e l o p m e n t a l  s t a g e s  c o u l d  b e  d i s t i n g u i s h e d ,  s u p p o r t i n g  t h e  g o n a d  
i n d e x  e v i d e n c e .  I t  d o e s  n o t  a p p e a r  t h a t  t e m p e r a t u r e  a l o n e  i n f l u e n c e s  
t h e  r e p r o d u c t i v e  c y c l e s  o f  P a r e c h i n u s , b u t  t h a t  l i g h t  i s  a l s o  i n v o l v e d .  
A n n u a l  g o n a d  o u t p u t  o f  M i l l e r s  P o i n t  u r c h i n s  i s  f o u r  t i m e s  g r e a t e r  t h a n  
t h e  R o b b e n  E i l a n d  v a l u e .  
I N T R O D U C T I O N  
E c h i n o d e r m s  h a v e  l o n g  b e e n  a  c o n v e n i e n t  s o u r c e  o f  m a t e r i a l  f o r  
d e v e l o p m e n t a l  a n d  b i o c h e m i c a l  s t u d i e s  b y  v i r t u e  o f  t h e i r  a b u n d a n c e ,  
e a s e  o f  m a i n t e n a n c e  a n d  s i m p l e  b o ? Y  p l a n .  M o s t  e a r l y  i n f o r m a t i o n  
o n  r e p r o d u c t i o n  i n  e c h i n o d e r m s  o r i g i n a t e s  f r o m  s t u d i e s  i n i t i a t e d  f o r  
e m b r y o l o g i c a l  i n f o n n a t i o n  ( B o o l o t i a n ,  1 9 6 6 ) .  
T h e  w h o l e  s u b j e c t  w a s  
t h o r o u g h l y  r e v i e w e d  b y  G i e s e  a n d  P e a r s e  ( 1 9 7 4 ) ,  w h o  p o i n t e d  o u t  t h e  
d i f f i c u l t y  o f  s e p a r a t i n g  e x t r i n s i c  a n d  i n t r i n s i c  t r i g g e r s  i n  
r e p r o d u c t i v e  r h y t h m s .  E n d o g e n o u s  f a c t o r s ,  f o r  e x a m p l e  n u t r i t i o n a l  
s t a t e  m a y  a f f e c t  g a m e t o g e n i c  c y c l e s  i n  i n d i v i d u a l s ,  w h i l e  e x t r i n s i c  
i n f l u e n c e s  l i k e  t e m p e r a t u r e ,  l i g h t  a n d  o t h e r s  s ~ r v e  t o  s y n c h r o n i z e  
g a m e t e  r e l e a s e .  
· u n d e r s t o o d .  
T h e  w h o l e  c o m p l e x  i s  s t i l l  f a r  f r o m  b e i n g  f u l l y  
T h e  p r e s e n t  s t u d y  w a s  c o n d u c t e d  a s  a  n a t u r a l  e x p e r i m e n t  i n  v i e w  
o f  t h e  d i f f i c u l t y  w i t h  w h i c h  a q u a r i u m  r e s u l t s  c a n  b e  t r a n s l a t e d  t o  
p r o c e s s e s  i n  t h e  f i e l d .  
L a b o r a t o r y  s t u d i e s  f u r t h e r m o r e  t e n d  t o  
o v e r e m p h a s i z e  t s o l a t e d  c l u e s ~  t e m p e r a t u r e  i n  t h i s  c a s e  
n o r m a l l y  p a r t  o f  a n  i n t e r a c t i n g ,  m u l t i f a c e t t e d  s i t u a t i o n .  
S e a s o n a l l y  c h a n g i n g  s e a  t e m p e r a t u r e s  s e e m  t o  b e  a  r e l i a b l e  e n v i r o n -
m e n t a l  i n f l u e n c e ,  c l o s e l y  f o l l o w e d  b y  l i g h t .  S i n c e  r e p r o d u c t i o n  i s  o f  
s u c h  c a r d i n a l  i m p o r t a n c e  i n  n a t u r e ,  i t  i s  p r o b a b l y  c o n t r o l l e d  b y  
s u c h  b a s i c  p r i n c i p l e s .  
I I  
A p e l o f  ( 1 9 1 2 )  a n d  O r t o n  ( 1 9 2 0 )  w e r e  a m o n g  
t h e  f i r s t  w o r k e r s  t o  i n v e s t i g a t e  t h e  c o n n e c t i o n  b e t w e e n  t e m p e r a t u r e  
a n d  r e p r o d u c t i o n .  
I t  a p p e a r s  f r o m  e v i d e n c e  o b t a i n e d  i n  t h i s  s t u d y  t h a t  a  c o n v i n c i n g  
c o r r e l a t i o n  e x i s t s  b e t w e e n  t e m p e r a t u r e  a n d  b r e e d i n g - c y c l e s  i n  P a r e c h i n u s .  
T h e  r e l a t i v e l y  m o d e s t  s e a s o n a l  f l u c t u a t i o n s  i n  s e a  t e m p e r a t u r e  a r o u n d  
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t h e  C a p e  P e n i n s u l a  ( C l o w e s ,  1 9 5 0 ;  A t k i n s ,  1 9 7 0 ;  H a r r i s ,  1 9 7 8 )  s e e m  
o f  s u f f i c i e n t  m a g n i t u d e  a s  a  r e g u l a t o r  w h e n  c o m p a r e d  w i t h  t h e  i n s i g -
n i f i c e n t  c h a n g e s  o f  0 , 5 ° C  e x p e r i e n c e d  i n  t h e  A n t a r c t i c  ( M c M u r d o  S o u n d )  
a n d  r e p o r t e d  b y  P e a r s e  ( 1 9 6 5 ) .  A  s i m i l a r  s i t u a t i o n  m a y  e x i s t  i n  t h e  
t r o p i c s  ( Y o n g e ,  1 9 4 0 ) ;  P e a r s e ,  1 9 6 8 ) .  
C o n d i t i o n s  i n  t h e  s e a  a r o u n d  
t h e  P e n i n s u l a  s h o w  d e f i n i t e  s e a s o n a l i t y  b u t  n o  e x t r e m e s ;  f o r  e x a m p l e ,  
d e t r i t a l  a n d  a t t a c h e d  p l a n t  f o o d  f o r  P a r e c h i n u s  i s  a v a i l a b l e  t h r o u g h o u t  
t h e  y e a r ,  p r o b a b l y  o n l y  c h a n g i n g  i n  q u a l i t y  ( k e l p  b e d s  a r e  d o r m a n t  d u r i n g  
t h e  w i n t e r  m o n t h s ) .  
I t  w a s  t h e r e f o r e  o f  i n t e r e s t  t o  f i n d  w h e t h e r  
P a r e c h i n u s  f o l l o w s  a  s e a s o n a l  o r  c o n t i n u o u s  b r e e d i n g  p a t t e r n ,  t h e r e b y  
f a l l i n g  i n t o  o n e  o f  F e n a u x
1  
( 1 9 6 8 )  t h e r m a l  . : a t e g o r i e s .  
L i k e  o t h e r  
w e s t - f a c i n g  c o n t i n e n t a l  m a r g , ~ ~ ,  t h ~  ? e n l n s u l a  e x p e r i e n c e s  p r o n o u n c e d ,  
p e r i o d i c  u p w e l l i n g  p a r t i c u l a r l y  d u r i n g  s u m m e r .  A  c o n f u s e d  t h e r m a l  
r e g i m e  i s  p r o d u c e d  a n d  p a r t l y  m a s k s  t h e  s e a s o n a l  f l u c t u a t i o n s  ( F r i c k e  
&  T h u m ,  1 9 7 4 ) .  F a l s e  B a y ,  w h i c h  i s  p a r t l y  s h e l t e r e d  b y  a s p e c t  s h o w s  
a  m u c h  c l e a r e r  p a t t e r n  o f  c h a n g e .  I f  t e m p e r a t u r e  a l o n e  w e r e  t o  a c t  
a s  g o n a d a l  r e g u l a t o r  i n  w e s t  c o a s t  u r c h i n s ,  a d d i t i o n a l  c l u e s  f r o m  
t e m p e r a t u r e  v a r i a t i o n s  w o u l d  h a v e  t o  b e  o b t a i n e d ,  s u c h  a s  p e r s i s t e n c e  
o r  e x c e e d e n c e  b e y o n d  a  c r i t i c a l  r a n g e .  
T h e  e x i s t a n c e  o f  t w o  d i s t i n c t  
m a r i n e  t e m p e r a t u r e  e n v i r o n m e n t s  c l o s e  b y ,  p o p u l a t e d  b y  l a r g e  n u m b e r s  
o f  P a r e c h i n u s  a c t e d  a s  i m p e t u s  t o  t h i s  s t u d y .  P r e v i o u s  w o r k  b y  
G r e e n w o o d  ( i n  p r e s s )  a n d  F r i c k e  ( i n  p r e p . )  s h o w e d  t h a t  s i g n i f i c a n t  
d i f f e r e n c e s  w i t h  r e g a r d  . t o  b o d y  s i z e  a n d  d e n s i t y  e x i s t  b e t w e e n  u r c h i n s  
a t  t h e  t w o  l o c a l i t i e s .  E s t a b l i s h i n g  t h e i r  r e p r o d u c t i v e  p a t t e r n  w o u l d  
h e l p  e x p l a i n  t h e  e x t e n t  t o  w h i c h  w a t e r  t e m p e r a t u r e  i s  u s e d  a s  t r i g g e r  
i n  s p a w n i n g  b e h a v i o u r .  T h e  e v i d e n c e  f r o m  g o n a d  c h a n g e s  o v e r  t h e  s e a s o n s  
w a s  s u p p o r t e d  b y  l i p i d  a s s a y s  a n d  h i s t o l o g i c a l  p r e p a r a t t o n s .  
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S T U D Y  S I T E S  
T h e  C a p e  p e n i n s u l a ,  h a v i n g  d i f f e r e n t  t e m p e r a t u r e  r e g i m e s  o n  i t s  
w e s t e r n  a n d  e a s t e r n  s h o r e  o f f e r e d  a  c o n v e n i e n t  l o c a l i t y  f o r  t h i s  s y n o p t i c  
s t u d y  ( F i g .  1 . ) .  T h e  w e s t  c o a s t  s i t e  w a s  c h o s e n  n e a r  t h e  n o r t h  e a s t e r n  
s i d e  o f  R o b b e n  E i l a n d  i n  T a b l e  B a y  a n d  i s  p e r i o d i c a l l y  e x p o s e d  t o  u p w e l l e d  
i n t e r m e d i a t e  w a t e r  p a r t i c u l a r l y  i n  s u m m e r  w h e n  t e m p e r a t u r e s  m a y  c h a n g e  b y  
6 ° c  a n d  m o r e  w i t h i n  a  f e w  h o u r s .  
A n  i n s h o r e  s i t e  t y p i c a l  o f  w e s t e r n  F a l s e  B a y  w a s  c h o s e n  a t  M i l l e r s  
P o i n t ,  w h i c h  i s  g e n e r a l l y  w a r m e r .  S o u t h  e a s t e r l y  w i n d s  d r i v e  w a r m  
s u r f a c e  w a t e r  a n d  t o n g u e s  o f  t h e  A g u l h a s  c u r r e n t  i n t o  t h e  b a y .  T h e  
d i f f e r i n g  t e m p e r a t u r e  r e g i m e s  w e r e  c l e a r l y  d e m o n s t r a t e d  b y  c o n t i n u o u s  
i n  s i t u  r e c o r d s  o f  i n s t r u m e n t s  i n s t a l l e d  o n  t h ~  s e a  b o t t o m  ( F r i c k e  &  
T h u m ,  1 9 7 4 ) . ,  
C o n s i d e r a t i o n s  o f  a c c e s s i b i l i t y  e v e n  d u r i n g  p o o r  w e a t h e r  a n d  a b s e n c e  
o f  p o l l u t i o n  i n p u t s  r a n k e d  h i g h  i n  t h e  s f t e  s e l e c t i o n .  
R o b b e n  E  i  l a n d  
( _  
i s  e x p o s e d  t o  r · e f r a c t e d  n o r t h . . . : w e s t e r l y  s w e l l s  d u r i n g  w i n t e r ,  w h i l e  
M i l l e r s  P o i n t  i s  f a i r l y  s h e l t e r e d .  
P a r e c h i n u s  i s  t h e  d o m i n a n t  i n v e r t e b r a t e  ( P l a t e  1  a  a n d  b )  f r e q u e n t l y  
s h o w i n g  h i g h  s u b s t r a t e  c o v e r a g e ,  b u t  t h e r e  i s  a l s o  m u c h  b a r e  r o c k ,  
c o l o n i z e d  b y  e n c r u s t i n g  a l g a e  ( L i t h o t h a m n i a ) .  T h e  s u b s t r a t e  a t  R o b b e n  
E i l a n d  o n  t h e  o t h e r  h a n d ,  a l o n g  w i t h  m a n y  w e s t c o a s t  s i t e s  s h o w s  d e n s e  
.  
m u l t i t i e r e d  ~ n i m a l  c o m m u n i t i e s  o f  m u s s e l s ,  h o l o t h u r i a n s ,  s p o n g e s  a n d  
a s c i d i a n s  i n  a d d i t i o n  t o  u r c h i n s .  P a ; r , e c h i n u s  i s  c l o s e l y  a s s o c i a t e d  
w i t h  d o r o i  n a n t  m a c r o p h y t e s  E c k l o n i a  m a x i m a  a n d  L a m i n a r i a  p a U i d a ,  t h e  
l a t t e r  b e i n g  u n c o m m o n  a t  M i l l e r s  P o i n t ;  p r e s u m a b l y  i n t o l e r e n t  o f  t h e  
w a r m e r  w a t e r  ( D i e c k m a n n ,  1 9 7 8 ) .  
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. M E T H O D S  
S a m p l e  s i z e  a n d  l o c a t i o n  
P r a c t i c a l  c o n s i d e r a t i o n s  d e m a n d e d  t h a t  s a m p l e  s [ z e  b e  k e p t  t o  a  
m i n i m u m  ( J O  a n i m a l s  m o n t h  " "
1  
s i t e " " '
1
)  w h i l e  r e m a i n i n g  s . t a t i s t i c a l l y  
m e a n  i  n g f u  1  .  
M a l e s  a n d  f e m a l e s  w e r e  p r o c e s s e d  s e p a r a t e l y  t h r o u g h o u t .  
A  s u i t a b l e  s . i t e  i n h a b i t e d  b y  u r c h i n s  o f  u n i f o r m  s i z e  w a s  f o u n d  i n  a  
p r e v i o u s  s t u d y  ( F r i c k e  &  T h u m ,  1 9 7 5 )  b y  r u n n i n g  a  r a n d o m ,  s t r a t i f i e d  
t r a n s e c t  a c r o s s  a  t y p i c a l  a r e a  o f  h i g h  u r c h i n  d e n s i t y .  T h e  s i t e  
s e l e c t i . o n  w a s  m a d e  f r o m  a  p l o t  o f  u r c h i n  s i z e  a g ; : i i n s t  d i s t a n c e  ( a n d  
d e p t h )  f r o m  s h o r e .  
P e r m a n e n t  s t a t i o n s  
C i . r c u l a r  c o n c r e t e  a n c h o r s  o f  l o w  p r o f i l e  a n d  d i v i d e d  i n t o  t e n  e q u a l  s e c -
t o r s  o n  t h e  p e r i p h e r y  w i t h  e m b e d d e d  p l a s t i c  s t r i p s  w e r e  p l a c e d  o n  e v e n  
b o t t o m  a t  t h e  s e l e c t e d  s p o t s .  
M o n t h l y  c o l l e c t i o n s  w e r e  b y  a  p l o t l e s s  
m e t h o d  o f  r a n d o m  c h o i c e  a l o n g  a  r o v i n g  r a d i a l  l i n e  2  m  l o n g .  A  
d i f f e r e n t  r a n d o m  a n g l e  w i t h  r e s p e c t  t o  n o r t h  w a s  s a m p l e d  m o n t h l y .  
T r e a t m e n t  o f  u r c h i n s  
U r c h i n s  w e r e  p r o c e s s e d  l i v e .  T h e  t e s t s  w e r e  o p e n e d  s u b - p e r i p h e r a l l y  
a n d  t h e  g o n a d s  e x c i s e d  w h o l e .  T h e  a n i m a l s  w e r e  s e x e d  a n d  c h e c k e d  
.  .  
m i c r o s c o p i c a l ~ y  w h e n  i n  d o u b t .  O n e  i n s t a n c e  o f  h e r m a p h r o d i t i s m  w a s  
s e e n  b u t  n o t  f o l l o w e d  u p .  
A  s u b s a m p l e  o f  g o n a d  t i s s u e  w a s  f i x e d  i n  
B o u i n ' s  f l u i d  f o r  s e c t i o n i n g , a n o t h e r  l a r g e r  o n e  s t o r e d  a t  - 2 0 ° c  f o r  l i p i d  
a s . s a y .  W e i g h i n g  w a s  d o n e  t o  t h e  n e a r e s t  m g ,  
E s t i m a t _ i o n  o f  t o t a l  l i p i d s  
T h e  l a r g e  s a m p l e  n u m b e r  r e q u i r e d  a  s i m p l e ,  r a p i d  m e t h o d .  A  g r a v i m e t r i c  
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p r o c e d u r e  d e s c r i b e d  b y  B l i g h  a n d  D y e r  ( 1 9 5 9 )  w a s  u s e d  i n  a  m o d i f i e d  
f o r m .  T h e  m e t h o d  i s  r e p u t e d l y  s u p e r i o r  t o  s t a n d a r d  S o x h l e t  e x t r a c t i o n ,  
b y  r e m o v i n g  m o r e  l i p i d ,  i . c  .  . ' 3 1 s o  t h e  s t r u c t u r a l  f r a c t i o n  ( M a r t i n ,  1 9 6 3 ) .  
H i s t o c h e m i c a l  t e s t s  \ - J o u l d  r e f i n e  t h e  e v i d e n c e ,  s i n c e  s t o r a g e  m a t e r i a l s  
a r e  o f t e n  h i g h l y  l o c a l i z e d  ( P e a r s e ,  1 9 6 0 ;  N i m i t z ,  1 9 6 4 } .  E x t r a c t i o n  
w a s  e f f e c t e d  b y  b l e n d i ~ g  
a  m i x t u r e  o f  m e t h a n o l ,  w a t e r  a n d  c h l o r o f o r m ,  
c e n t r i f u g a t i o n  a n d  p h a s e  s e p a r a t i o n .  L i p i d  e x t r a c t s  w e r e  b l o w n  d r y  
a n d  f r e e d  o f  r e s i d u a l  s o l v e n t s  i n  a  v a c u u m  d e s i c c a t o r  c o n t a i n i n g  s i l i c a -
g e l  a n d  w a x  c h i p s .  
! : l  s t o  l o g y  
.  - · - - - - · - -
F i x e d  s p e c i m e n ~  s l e e t e d  f r o m  p e a k s  a n d  t r o u g h s  i n  t h e  g o n a d  c v c l e  
w e r e  w a x  e m b e d d e d  a n d  s e c t i o n e d  a t  9  n m  t r a n s v e r s e  t o  t h e  l o n g  a x i s  
o f  t h e  g o n a d  l o b e .  
T h ~  s p e c i m e n s  w e r e  s t a i n e d  i n  H a r r i s  h a e m a t o x y l  i n -
e o s i r .  a n d  m o u n t e d  i n  C a n a d a  b a l s a m .  I n  o r d e r  t o  r e d u c e  e f f o r t ,  o n l y  
3  s p e c i m e n s  ( m a l e  a n d  f e m a l e )  w e r e  s e l e c t e d  f r o m  a  m e d i a n  r a n k i n g  ( i n  
6  s t e p s )  o f  g o n a d  i n d i c e s .  T h e s e  w e r e  t h e n  c o n s i d e r e d  r e p r e s e n t a t i v e  
o f  t h e  g o n a d  s t a t e  o f  u r c h i n s  i n  t h e  f i e l d  a t  t h a t  t i m e .  T h i s  m a n i p u -
l a t i o n  w a s  n e c e s s a r y  s i n c e  m a t u r i t y  s t a g e s  w e r e  n e a r l y  a l w a y s  s k e w e d .  
S i x  s t a g e s  w e r e  d i s t i n g u i s h e d :  ( S e e  a l s o  P l a t e  1  a n d  2 ) .  
1 )  f n a c t i v e ,  2 )  e a r l y  r e c o v e r y ,  3 )  a c t i v e  r e c o v e r y ,  4 )  r i p e ,  
5 )  s p a w n i n g ,  6 )  s p e n t  ( t e r m i n o l o g y  b y  G .  v . d .  H o r s t ,  p e r s .  c o m m . }  
D e t e r 1 2 1 i n a t i o n _ o f  g o n a d  i n d e x  
T h e  g o n a d  l o b e s  w e r e  r e m o v e d  f r o m  f r e · s h l y  o p e n e d  u r c h i n s  a n d  d r i e d  a t  
6 o
0
c ,  w h i l e  t h e  t e s t  w a s  d r i e d  w i t h  t h e  p o o l e d  p e r i v i s c e r a l  f l u i d  a f t e r  
w a s h i n g  o u t  g u t  c o n t e n t s .  G o n a d  i n d e x  w a s  e x p r e s s e d  a s  d r y  g o n a d  w e i g h t  
~ t o t a l  t e s t  w e i g h t  x  1 0 0  ( G o n o r ,  1 9 7 2 ) .  
R E S U L T S  
A  p l o t  o f  m o n t h l y  v a r i a t i o n s  o f  g o n a d  i n d i c e s  o f  m a l e  a n d  f e m a l e  
P a r • e c h i n u s  f o r  t h e  p e r i o d  o f  s t u d y  i s  s h o w n  i n  F i g .  2  a  &  c .  T h e  
g r a p h  s h o w s  m e a n  ( b a r ) ,  9 5  p e r c e n t  c o n f i d e n c e  l i m i t s  a n d  t h e  n u m b e r  o f  
a n i m a l s  p e r  s a m p l e  f o r  b o t h  l o c a t i o n s .  
F l u c t L 1 a t i o n s  o f  i n  s i t u  s e a  t e m p e r a t u r e  w e r e  d r a w n  i n  a s  a  r u n n i n g  
a \ e r a g e  o f  5  i t e m s  a n d  g i v e n  t o  t h e  n e a r e s t  0 , 5 ° C .  T h e  w a t e r t i g h t  
u n i t s  w e r e  n o t  r e a d y  a t  t h e  s t a r t  o f  t h e  e x p e r i m e n t ,  h e n c e  t h e  l a c k  
o f  d a t a  a t  t h e  b e g i n n i n g .  A  g r a p h  o r  e x c : e d e n c e  ( s e e  a l s o  A i n s l i e ,  
1 9 7 1 )  o f  w a t e r  t e m p e r a t u r e  f c ; - t w o  ~ o n t h s  b r a c k e t t i n g  a  s p a w n  o u t  i s  
g i v e n  i n  F i g .  3  a  &  b .  T h e  g r a p h  s h o w s  c u m u l a t i v e  p e r c e n t a g e  o f  
o c c a s i o n s  w h e n  w a t e r  t m e p e r a t u r e  w a s  b e l o w  a  g i v e n  v a l u e .  
m a x i m a  a n d  m i n i m a  o f  c o n t i n u o u s  r e c o r d i n g s  w e r e  u s e d .  
D a i l y  
V a r i a t i o n s  i n  p e r c e n t a g e  l i p i d ,  r e l a t i v e  t o  t o t a l  d r y  b o d y  w e i g h t  o f  
m a l e s  a n d  f e m a l e s  f o r  a  o n e  y e a r  p e r i o d  a r e  s h o w n  i n  F i g  2 b .  T h e  J a t a  
f o r  b o t h  s e x e s  s h o w  a  s i m i l a r  t r e n d .  T h e  l i p i d  v a l u e s  f o r  m a l e s  
f r o m  t h e  R o b b e n  E i l a n d  s a m p l e  w e r e  c o n s i s t e n t l y  l o w e r  t h a n  f o r  f e m a l e s ,  
w h i l e  t h e  p a t t e r n  a t  H i l l e r s  P o i n t  w a s  m o r e  v a r i a b l e ,  a n d  t h e  s e x e s  l e s s  
w e l l  s y n c h r o n i z e d .  
A  c a l o r i f i c  v a l u e  f o r  m a l e  a n d  f e m a l e  g o n a d  t i s s u e  w a s  o b t a i n e d  b y  
m i c r o b o m b  t e c h n i q u e .  
( T h e  t i s s u e  s a m p l e  w a s  p o o l e d  f r o m  4  a n i m a l s  e a c h )  
T w o  r e p l i c a t e  a n a l y s e s  g a v e  v e r y  c l o s e  v a l u e s  ( T a b l e  1 ) .  
T A B L E  1  
M a l e  g o n a d :  
F e m a l e  g o n a d :  
R e p l  i T a t e  1  
k J . g - d r y  w e i g h t .  
1 9 , 0 5  
1 9 , 0 3  
R e p l i c a t e  2  
k J . g - 1  d r y  w e i g h t  
1 9 , 0 9  
1 9 , 2 9  
F u r t h e r m o r e ,  t h e  v a l u e  f o r  m a l e s  a n d  f e m a l e s  w e r e  a l m o s t  i d e n t i c a l .  
A n n u a l  g o n a d  p r o d u c t i o n  p e r  m
2  
w a s  c a l c u l a t e d ,  u s i n g  t h e  a b o v e  
c a l o r i f i c  v a l u e s .  
G r e e n w o o d  ( i n  p r e s s )  f o u n d  a  m i n i m u m  m a t u r e  s i z e  
f o r  P a r e c h i n u s  b y  e v a l u a t i o n  o f  A l l e n  p r o d u c t i o n  c u r v e s .  T h e  s m a  1 1  e s t  
1 1
m a t u r e
1 1  
u r c h i n  f r o m  F a l s e  B a y  s i t e s  h a s  a  d i a m t e r  o f  3 0  m m  a n d  2 0  m m  
a t  R o b b e n  E i l a n d .  
G o n a d  o u t p u t  f o r  M i l l e r s  P o i n t  u r c h i n s  i s  3 4 6 3  
. . . 2  - 1  
k J  . m  • .  y r .  
a n d  f o r  R o b b e n  E i l a n d  
I I  I I  
8 2 2  
- 2  - 1  
k J . m .  y r .  
- a  f o u r  f o l d  o u t p u t  d e s p i t e  t h e  h i g h e r  u r c h i n  d e n s i t y  a t  R o b b e n  E i l a n d .  
D I S C U S S I O N  
T h e  d u r a t i o n  o f  t h i s  s t u d y  w a s  r a t h e r  t o o  b r i e f  t o  p r o d u c e  a  
f i n a l  p i c t u r e  o f  t h e  . r e p r o d u c t i v e  p a t t e r n ,  b u t  a l l  t h e  s a m e ,  i n f o r m a t i v e  
t r e n d s  e m e r g e d .  
M i l l e r s  P o i n t  s h o w s  a  m a r k e d  t e m p e r a t u r e  s e a s o n a l i t y  ( s e e  a l s o  F r i c k e  
& T h u m ,  1 9 7 4 ) .  T h e  g o n a d  i n d e x  p l o t  f o l l o w s  t h e  t e m p e r a t u r e  c u r v e  w i t h  
a  l a g ,  w h i c h  i s  t o  b e  e x p e c t e d .  
M o n i t o r i n g  a  n a t u r a l  s p a w n i n g  i n  t h e  
f i e l d  i s  d i f f i c u l t ,  b u t  p e r s o n a l  o b s e r v a t i o n s  s u g g e s t  t h a t  t h e  p r o c e s s  
m a y  t a k e  s e v e r a l  d a y s ,  i . e .  o c c u r s  i n  p u l s e s .  T w o  s p a w n i n g s  a r e  
a p p a r e n t ,  o n e  i n  a u t u m n ,  a n d  a  s e c o n d ,  l e s s  i n t e n s e  o n e  i n  s p r i n g .  T h e  
v a l u e s  o b t a i n e d  i n  a  l i p i d  a s s a y  o n  s u b s a m p l e s  o f  t h e  s a m e  u r c h i n s  w e r e  
p l o t t e d  i n  r e g i s t e r  w i t h  g o n a d  i n d e x  v a r i a t i o n s  ( F i g  2 b ) .  A l t h o u g h  
t h e s e  d a t a  o n c e  a g a i n  e s s e n t i a l l y  f o l l o w  t h e  t r e n d  o f  g o n a d  i n d i c e s ,  
a g r e e m e n t  i s  o n l y  p a r t i a l ;  t h e r e  i s  a n  u n u s u a l l y  h i g h  p e a k  f o r  m a l e s  a t  
t h e  e n d  o f  J u l y  w h i c h  s e e m s  o u t  o f  c o n t e x t .  
L i p i d  v a l u e s  f o r  r e s p e c t i v e  
s e t s  o f  m a l e s  a n d  f e m a l e s  s h o w  i n c o n s i s t e n t  c o r r e l a t i o n .  
T h e  e v i d e n c e  
o f  h i s t o l o g i c a l  s e c t i o n s  c l o s e l y  s u p p o r t s  t h e  g o n a d  i n d e x  t r e n d s  i n  
t e r m s  o f  s t a t e  o f  m a t u r i t y .  ·  A l t h o u g h  o n l y  3  m a l e  a n d  f e m a l e  s p e c i m e n s  
w e r e  s e l e c t e d  f o r  t h i s  p u r p o s e  f o r  p r a c t i c a l  r e a s o n s ,  i t  w a s  p o s s i b l e  t o  
. _  • . .  
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d i f f e r e n t i a t e  b y  m i c r o s c o p y  b e t w e e n  a  s m a l l  d i f f e r e n c e  i n  g o n a d  i n d e x  
o f  u r c h i n s  c o l l e c t e d  i n  M a r c h  ( 2 n d  p a i r  o f  b l o c k s ) .  
T h e  f e m a l e s  
( h i g h e r  i n d e x  o f  t h e  t w o )  s h o w e d  e a r l y  r e c o v e r y  ( i n  t e r m s  o f  t h e  r a n k i n g  
s e e n  o n  P l a t e  l  a  &  b )  w h i l e  c o r r e s p o n d i n g  m a l e s  w e r e  s t i l l  s p e n t .  
R o b b e n  E i l a n d .  
T h e  t e m p e r a t u r e  d a t a  o b t a i n e d  a t  t h i s  s i t e  i s  w i t h o u t  
c l e a r  s e a s o n a l i t y .  
W i n t e r  t e m p e r a t u r e s  m a y  b e  u n i f o r m  f o r  p r o l o n g e d  
p e r i o d s ,  w i t h  c h a n g e s  o f  l e s s  t h a n  1 ° c  ( F r i c k e  &  T h u m ,  1 9 7 4 ) .  
G e n e r a l l y ,  
t e m p e r a t u r e s  a r e  l o w e r  t h a n  t h o s e  a t  M i l l e r s  P o i n t  b u t  p e r i o d i c  u p w e l l i n g  
m a y  r e v e r s e  t h i s  s i t u a t i o n .  
F u r t h e r m o r e  t o n g u e s  o f  w a r m  A g u l h a s  w a t e r  
o c c a s i o n a l l y  r e a c h  t h e  s i t e  p r o d u c i n g  a n  e r r a t i ~  t e m p e r a t u r e  r e g i m e ,  
c h a r a c t e r i s t i c  o f  t h i s  a r e a .  T w u  s p a w n i n g s  t a k e  p l a c e  a t  s i m i l a r  
p e r i o d s  t o  t h o s e  o f  M i l l e r s  P o i n t .  I n c o m p l e t e  a d d i t i o n a l  g a m e t e  r e l e a s e s  
o c c u r ,  p r o b a b l y  a s  a  r e s u l t  o f  s u d d e n ,  t e m p e r a t u r e  d r o p s .  T h i s  m a y  b e  
o n e  r e a s o n  w h y  g o n a d  i n d i c e s ,  w h i c h  s h o u l d  b e  s i z e  i n d e p e n d e n t  f o r  m a t u r e  
u r c h i n s  ( G o n e r ,  1 9 7 2 )  a r e  c o n s i s t e n t l y  l o w e r .  E s s e n t i a l l y  t h e  s a m e  t y p e  
o f  d i e t  i s  a v a i l a b l e ,  b u t  d i f f e r e n c e  i n  t h e  a v a i l a b i l i t y  m a y  e x i s t .  T h i s  
w a s  n o t  f o l l o w e d  u p .  C o m p e t i t i o n  s e e m s  t o  b e  m o r e  i n t e n s e ,  j u d g i n g  b y  
d e n s e  s u b s t r a t e  c o l o n i z a t i o n .  L i p i d  v a l u e s  f o r  b o t h  s e x e s  s h o w  g o o d  
a g r e e m e n t  a n d  e s s e n t i a l l y  f o l l o w  t h e  t r e n d  o f  g o n a d  v a r i a t i o n s .  M a l e  
v a l u e s  a r e  c o n s i s t e n t l y  l o w e r  t h a n  f e m a l e  o n e s  .  
E x a m i n a t i o n  o f  s e c t i o n e d  
g o n a d  s a m p l e s  s u p p o r t s  t h e  e v i d e n c e  o f  g o n a d  i n d i c e s  .  
.  
f r o m  t h e  e v i d e n c e  p r e s e n t e d  i n  t h i s  s y n o p t i c  s t u d y ,  s o m e  d o u b t  a r i s e s  
c o n c e r n i n g  t h e  e x c l u s i v e  r o l e  o f  t e m p e r a t u r e  a s  a  r e g u l a t o r  i n  t h e  
r e p r o d u c t i v e  r h y t h m  o f  P .  a n g u l o s u s .  
C e r t a i n l y ,  t h e  c l o s e  a g r e e m e n t  
o f  s e a  t e m p e r a t u r e  v a r i a t i o n s  i n  F a l s e  B a y  w i t h  g o n a d  i n d e x  c h a ~ g e s ,  
~ g g e s t s  t e m p e r a t u r e  c o A t r d l .  
. T h i s  c a n n o t  b e  s a i d  f o r  t h e  s i t u a t i o n  a t  
R o b b e n  E i l a n d .  
T h e s e  u r c h i n s ,  w h i l e  s h o w i n g  s i m i l a r  r e p r o d u c t i v e  
t i m i n g  a s  t h o s e  i n  F a l s e  B a y ,  a r e  e x p o s e d  t o  a  c o l d e r  ( F i g .  3 a  &  b )  a n d  
9  
m o r e o v e r  e r r a t i c  t e m p e r a t u r e  r e g  i : m e ,  T h e  p o s s i b l l f t y  t h a t  l i g h t  m a y  a c t  
a s  a  s e c o n d  c l u e  c a n  t h e r e f o r e  n o t  b e  r u l e d  o u t  e s p e c i a l l y  s i n c e  t h e  
s p r i n g  a n d  a u t u m n  p h o t o p e r i o d s  a r e  s i m i l a r ,  i n  f a c t  l i g h t  ~ o u l d  b e  m o r e  
i m p o r t a n t  t h a n  o r i g i n a l l y  e x p e c t e d ,  B o o l o t i a n  ( 1 9 6 3 )  r e p o r t s  s u c h  a  
c o m b i n e d  r e s p o n s e  f o r  S .  p u r p u r a t u s  i n  a n  e i g h t  y e a r  s t u d y  i n  C a l i f o r n i a .  
T h e  f i : n d i n g s  f o r  P .  a n g u Z o s u s  a r e  i n t e r e s t i n g  i n  t h e  l i g h t  o f  t h e  w e l l  
k n o w n  f a c t  ( C r i s p ,  1 9 5 7 )  t h a t  t h e  b r e e d i n g  s e a s o n  o f  a n  o r g a n i s m  m a y  
v a r y  o v e r  t h e  d i f f e r e n t  p a r t s  o f  i t s  r a n g e ,  a c c o r d i n g  t o  a n n u a l  
t e m p e r a t u r e  v a r i a t i o n s .  G o n a d  o u t p u t  f o r  P a r e c h i n u s  a p p e a r s  t o  b e  
s i g n i f i c a n t l y  a f f e c t e d  b y  l o c a t i o n .  D e s p i t e  a  h i g h e r  d e n s i t y  a t  t h e  
c o l d  w a t e r  s i t e ,  t h e  k i l o J o u l e  v a l u e  i s  o n l y  a  q u a r t e r  t h a t  o f  F a l s e  B a y .  
M a t u r e  a n i m a l s  o n l y  w e r e  c o n s i d e r e d  i n  t h e  c a l c  . . .  l a t i o n .  T h e  i d e n t i c a l  
c a l o r i f i c  v a l u e s f o u n d  f o r  m a l e  a n d  f e m a l e  g o n a d  t i s s u e  q u e s t i o n  t h e  l o n g  
h e l d  i d e a s  a b o u t  t h e  s o - c a l l e d  " c h e a p  m a l e  p h a s e
1 1
•  
1 0  
A C K N O W L E D G M E N T S  
M y  t h a n k s  a r e  d u e  i n  n o  s m a l l  m e a s u r e  t o  D r .  A l a n  B .  T h u m  f o r  
s u g g e s t i n g  t h i s  r e w a r d i n g  p r o j e c t ,  a n d  h e l p  i n  t h e  f i e l d .  
W i t h o u t  t h e  a s s i s t a n c e  o f  c o - d i v e r s ,  t o o  n u m e r o u s  t o  r e c o u n t ,  
a  t a s k  l i k e  t h i s  w o u l d  n o t  h a v e  b e e n  p o s s i b l e .  I  a m  v e r y  
g r a t e f u l  t o  D r .  C h a r l e s  L .  G r i f f i t h s ,  f o r  s p e n d i n g  h i s  v a l u a b l e ·  
t i m e  o n  c r i t i c a l  p e r u s a l  o f  t h i s  m a n u s c r i p t .  
L a s t ,  b u t  n o t  
l e a s t ,  I  a m  i n d e b t e d  t o  P r o f e s s o r  O w e n  L e w i s  f o r  a l l o w i n g  m e  t o  u s e  
t h e  s p l e n d i d  f a c i l i t i e s  i n  t h e  B o t a n y  D e p a r t r , · , e n t ,  U n i v e r s i t y  o f  
C a p e  T o w n .  
R E F E R E N C E S  
A I N S L I E ,  A .  1 9 7 1 .  M e e t i n g  t h e  o f f s h o r e  i n d u s t r y ' s  ~ o c e a n o g r a p h i c  d a t a  n e e d s .  
F r o m  a  p a p e r  p r e p a r e d  f o r  t h e  O f f s h o r e  S c o t l a n d  C o n f e r e n c e ,  A b e r d e e n .  
I I  
A P E L O F F ,  A .  1 9 1 2 .  I n v e r t e b r a t e  b o t t o m  f a u n a  o f  t h e  N o r w e g i a n  S e a  a n d  N o r t h  
A t l a n t i c .  I n  
1 1
T h e  D e p t h s  o f  t h e  O c e a n " .  4 5 7 - 5 6 0 .  M a c m i l l a n ,  N e w  Y o r k .  
A T K I N S ,  G . R .  1 9 7 0 ,  T h e r m a l  s t r u c t u r e  a n d  s a l i n i t y  o f  F a l s e  B a y .  T r a n s .  
r o y .  S o c .  S .  A f r .  3 9 ( 2 ) :  1 1 7 - 1 2 8 .  
B L I G H ,  E . G .  &  D Y E R ,  W . J .  1 9 5 9 ,  A  r a p i d  m e t h o d  o f  t o t a l  l i p i d  e x t r a c t i o n  a n d  
p u r i f i c a t i o n .  C a n .  J .  B i o c h e m .  P h y s i o l .  3 7 :  9 1 1 - 9 1 7 .  
B O O L O T I A N ,  R . A .  1 9 6 3 ,  R e s p o n s e  o f  t h e  t e s t e s  o f  P u r p l e  S e a  U r c h i n s  t o  v a r i a t i o n s  
i n  t e m p e r a t u r e  a n d  l i g h t .  N a t u r e  ( L o n d o n )  1 9 7 ~  4 0 3 .  
B O O L O T I A N ,  R . A .  1 9 6 6 .  P h y s i o l o g y  o f  E c h i n o d e r m a t a .  1  - 8 2 2 .  J o h n  W i l e y  
&  S o n s ,  N e w  Y o r k .  
C L O W E S ,  A . J .  1 9 5 0 .  A n  i n t r o d u c t i o n  t o  t h e  h y d r o l o g y  o f  S o u t h  A f r i c a n  w a t e r s .  
R e p .  S .  A f r .  F i s h .  M a r .  b i o l .  S u r v .  1 2 :  1 - 4 2  .  
.  C R I S P ,  D . J .  1 9 5 7 .  E f f e c t  o f  l o ~ ·  i : e m p e , r a t u r e  o n  t h e  b r e e d i n g  o f  M a r i n e  a n i m a l s .  
N a t u r e  ( L o n d o n )  1 7 9 :  1 1 3 8 - 1 1 3 9 ,  
D I E C K M A N N ,  G . S .  1 9 7 8 ,  A s p e c t s  o f  g r o w t h  a n d  p r o d u c t i o n  o f  L a m i n a r i a  p a l l i d a  
( G r e v . )  J .  A g , o f f  t h e  C a p e  P e n i n s u l a .  M . S c .  t h e s i s  i n  t h e  D e p a r t m e n t  
o f  B o t a n y  a t  t h e  U n i v e r s i t y  o f  C a p e  T o w n  1  - 9 8 .  
F E N A U X ,  L .  1 9 6 8 .  M a t u r a t i o n  d e s  g o n a d e s  e t  c y c l e  s a i s o n n i e r  d e s  l a r v e s  c h e z  
A .  l i x u l a ,  P .  l i v i d u s  e t  P .  m i c r o t u b e r c u l a t u s  ( E c h i n i d e s )  a  V i l l e f r a n c h e  s u r -
M e r .  V i e  e t  M i l i e u  1 9  A :  1  - 5 2 .  
F I E L D ,  V . G . ,  ~ A R M A N ,  N . G . ,  D I E C K M A N N ,  G . S . ,  G R I F F I T H S ,  C . L . ,  V E L I M I R O V ,  B .  a n d  
Z O U T E N D Y K ,  P .  1 9 7 7 .  S u n ,  w a v e s ,  s e a w e e d  a n d  l o b s t e r s :  t h e  d y n a m i c s  o f  
a  W e s t  C o a s t  k e l p - b e d .  S .  A f r .  J .  S c i . ,  7 3 :  7 - 1 0 .  
F R I C K E ,  A . H .  &  T H U M ,  A . B . ,  1 9 7 4 .  T e m p e r a t u r e  r e c o r d i n g  i n  s h a l l o w  m a r i n e  
e n v i r o n m e n t s .  T r a n s .  r o y .  S o c .  S .  A f r . ,  4 1  P a r t  4 ,  3 5 1  - 3 5 7 .  
F R I C K E ,  A . H .  &  T H U M ,  A . B . ,  1 9 7 5 .  A  d i s t a n c e  m e a s u r i n g  w h e e l  f o r  e s t i m a t i n g  
s u b s t r a t e  s u r f a c e  a r e a .  T r a n s .  r o y .  S o c .  S .  A f r . ,  4 2 ,  P a r t  2 ,  1 8 5 - 1 9 1 .  
G I E S E ,  A . C .  &  P E A R S E ,  J . S .  1 9 7 4 .  R e p r o d u c t i o n  o f  M a r i n e  I n v e r t e b r a t e s .  
V o l .  1 .  A c o e ~ o m a t e  a n d  P s e u d o c o e l o m a t e  M e t a z o a n s ,  A c a d e m i c  P r e s s  N e w  Y o r k  
·  a n d  L o n d o n ,  1  - 4 9 .  
G R E E N W O O D ,  P . G .  ( i n  p r e s s ) .  T h e  p o p u l a t i o n  d y n a m i c s  a n d  e c o l o g i c a l  e n e r g e t i c s  
o f  P a r e c h i n u s  a n g u l o s u s  a t  R o b b e n  E i l a n d  a n d  i n  F a l s e  B a y  S o u t h  A f r i c a .  
E s t u a r i n e  a n d  c o a s t a l  M a r . S c i .  
H A R R I S ,  T . F . W .  1 9 7 8 .  R e v i e w  o f  c o a s t a l  c u r r e n t s  i n  S o u t h e r n  A f r i c a n  w a t e r s .  
S .  A f r i c a n  N a t i o n a l  S c i e n t i f i c  P r o g r a m m e s  R e p o r t  N o .  3 0 :  1 - 1 0 3 .  
M A R T t N ,  W . G . ,  T A T T R t E ,  N . H .
1  
C O O K ,  W . H ,  
d i s t r i b u t i o n  s t u d i e s  o f  e g g  y o l k  p r o t e i n s .  
4 1 :  6 5 7 - 6 6 6 .  
1 9 6 3 ,  L t p i . d  e x t r a c t i o n  a n d  
C a n .  J ,  B t o c h e m .  P h y s i o l . ,  
N t M I T Z ,  S r .  M . A .  &  G I E S E ,  A . C .  1 9 6 4 .  
H i s t o c h e m i c a l  c h a n g e s  c o r r e l a t e d  w i t h  
r e p r o d u c t i : v e  a c t i v i t y  a n d  n u t d t i o n  i n  t h e  c h i t o n ,  K a t h a r i n a  t u n i c a t a .  
Q u a r t .  J ,  M i c r o s .  S c i .  1 0 5 :  4 8 1 - 4 9 5 .  
O R T O N ,  J , H .  1 9 2 0 .  S e a  t e m p e r a t u r e ,  b r e e d i n g  a n d  d i s t r i b u t [ o n  i n  m a r i n e  
a n i m a l s .  J ,  M a r .  B i o l .  A s s .  U . K .  1 2 :  3 3 9  - 3 6 6 .  
P E A R S E ,  A . G . E . ,  1 9 6 0 .  H i s t o c h e m i s t r y ,  t h e o r e t i c a l  a n d  a p p l i e d .  2 n d  e d .  
L o n d o n ,  C h u r c h i l l .  
P E A R S E ,  A . G . E . ,  1 9 6 5 .  R e p r o d u c t i v e  p e r i o d i c i t i e s  i n  s e v e r a l  c o n t r a s t i n g  
p o p u  l a t  i  a n s  o f  O d o n  t a s t e r  v a U d u s  K o d i l e r ,  a  c o m m o n  A n t a r c t i c  a s t e r o i d .  
A n t a r c .  R e s .  S e ~ .  6 :  7 9 - 8 5 .  
P E A R S E ,  A . G . E .  1 9 6 8 .  P a t t e r n s  o f  r e p r o d u c t i v e  p e r i o d i c i t i e s  i n  f o u r  s p e c i e s  
o f  t n d o p a c i f i c  e c h i n o d e r m s .  P r o c .  I n d i a n  A c c a d .  S c i .  6 8  B :  2 4 7  - 2 7 9 .  
Y O N G E ,  C . M .  1 9 4 0 .  T h e  b i o l o g y  o f  r e e f  b u i l d i n g  c o r a l s .  G r e a t  B a r r i e r  R e e f  
E x p e d .  1 9 2 8 - 2 9 ,  S c i .  R e p .  l :  3 5 3 - 3 9 1 ,  
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P A R T  V  
T E M P E R A T U R E  R E C O R D I N G  I N  S H A L L O W  M A R I N E  E N V I R O N M E N T S  
B y  A .  H .  F R I C K E  a n d  A .  B .  T H U M  
( D e p a r t m e n t  o f  Z o o l o g y ,  U n i v e r s i t y  o f  C a p e  T o w n )  
( W i t h  3  t e x t - f i g u r e s  a n d  1  p l a t e )  
( R e a d  N o v e m b e r  1 2 0 ,  1 9 7 4 )  
S U M M A R Y  
T h e  s h a l l o w  i n s h o r e  w a t e r  m a s s e s  a r o u n d  t h e  C a p e  c o a s t  a r e  m i x e d  w i t h  r e g a r d  t o  t e m p e r a t u r e  
a n d  f r e q u e n t l y  e x p e r i e n c e  m a r k e d  f l u c t u a t i o n s .  W e  n e e d e d  a  d e v i c e  g i v i n g  a  c o n t i n u o u s  r e c o r d  o f  
i n  s i t u  t e m p e r a t u r e  t o  i n v e s t i g a t e  i t s  e f f e c t  o n  t h e  r e p r o d u c t i v e  b e h a v i o u r  o f  P a r e c h i n u s  a n g u l o s u s  L e s k e ,  
a  c o m m o n  l o c a l  s e a  u r c h i n .  C o m m e r c i a l  t e m p e r a t u r e  r e c o r d e r s  w e r e  e n c l o s e d  i n  w a t e r t i g h t  h o u s i n g s  
d e s i g n e d  f o r  t h e  p u r p o s e  a n d  i n s t a l l e d  o n  t h e  s e a - b e d  a t  t h e  s t u d y  s i t e s .  
I N T R O D U C T I O N  
T w o  d i f f e r e n t  t h e r m a l  r e g i m e s  a r e  f o u n d  i n  t h e  r e g i o n  o f  t h e  C a p e  P e n i n s u l a .  
T h e  p r e d o m i n a n t l y  u p w e l l e d  c o l d - w a t e r  r e g i m e  o f  t h e  w e s t  c o a s t  d i f f e r s  m a r k e d l y  
i n  m a g n i t u d e  a n d  s e a s o n  f r o m  t h e  w a r m e r  w a t e r  o f  F a l s e  B a y  o n  t h e  e a s t  c o a s t .  
T h e  d i f f e r e n c e  m i g h t  b e  e v e n  g r e a t e r  w e r e  i t  n o t  f o r  t h e  f a c t  t h a t  F a l s e  B a y  i s  a  
m i x t u r e  o f  w a r m  s o u t h  c o a s t  a n d  c o l d  A t l a n t i c  w a t e r .  T h i s  s i t u a t i o n  h a s  b e e n  a t t r i -
b u t e d  b y  C l o w e s  ( 1 9 5 0 )  a n d  D a y  ( 1 9 7 0 )  t o  t h e  m o v e m e n t  o f  v a r i a b l y  m i x e d  w a r m  
A g u l h a s  C u r r e n t  w a t e r  a n d  c o l d  W e s t  W i n d  D r i f t  w a t e r  i n t o  F a l s e  B a y ,  t o  l o c a l  
u p w e l l i n g  a l o n g  t h e  w e s t e r n  s h o r e s  o f  F a l s e  B a y  a n d  t o  t h e  m o v e m e n t  o f  c o l d  B e n g u e l a  
C u r r e n t  w a t e r  i n t o  t h e  B a y  b y  r o u n d i n g  C a p e  P o i n t  ( f i g .  1 ) .  D e s p i t e  t h i s ,  c e r t a i n  
a n i m a l  a n d  p l a n t  s p e c i e s  s u r v i v e  o n  b o t h  s i d e s  o f  t h e  P e n i n s u l a  w i t h  v a r y i n g  d e g r e e s  
o f  s u c c e s s .  O n e  s u c h  s p e c i e s ,  P a r e c h i n u s  a n g u l o s u s  L e s k e ,  i s  f o u n d  a b u n d a n t l y ,  t h o u g h  
d i s c o n t i n u o u s l y ,  o n  b o t h  c o a s t s  a n d  i s  a s s o c i a t e d  w i t h  k e l p  b e d s  f r o m  l o w  w a t e r  o f  
s p r i n g s  t o  a  d e p t h  o f  a b o u t  2 5  m ,  t h e  o u t e r  m a r g i n  o f  t h e  k e l p  b e d s ,  a n d  m o r e  w h e r e  
c l a r i t y  o f  w a t e r  p e r m i t s  s u f f i c i e n t  l i g h t  p e n e t r a t i o n  f o r  k e l p  g r o w t h .  T h e  b r o a d  
d i s t r i b u t i o n  o f  t h e  a n i m a l  p r o v i d e s  a n  o p p o r t u n i t y  t o  e x p l o r e  t h e  r o l e  o f  e n v i r o n m e n -
t a l  f a c t o r s  i n  t h e  r e p r o d u c t i v e  e c o l o g y  o f  t h i s  s e a  u r c h i n .  
T h e  a f o r e m e n t i o n e d  t e m p e r a t u r e  r e g i m e s ,  a l t h o u g h  s t u d i e d  i n  F a l s e  B a y  b y  
D a y  (  1 9 7 0 ) ,  A t k i n s  (  1 9 7 0 )  a n d  C r a m  (  1 9 7 0 ) ,  a n d  o n  t h e  w e s t  c o a s t  b y  A n d r e w s  &  
C r a m  ( 1 9 6 9 ) ,  A n d r e w s  ( i n  p r e s s ) ,  A n d r e w s  &  H u t c h i n g s  ( i n  p r e s s )  a n d  A n d r e w s  &  
V i s s e r  ( i n  p r e s s ) ,  h a v e  n e v e r  b e e n  m o n i t o r e d  i n  d e t a i l .  S u c h  d a t a  a s  h a v e  b e e n  a v a i l -
a b l e  a r e  i n a d e q u a t e  f o r  a s s e s s i n g  s h o r t - t e r m  t e m p e r a t u r e  c h a n g e s .  W e  r e q u i r e d  a  
l o c a l  c o n t i n u o u s  i n  s i t u  r e c o r d  o f  i n s h o r e  p e r t u r b a t i o n s .  T h i s  s o r t  o f  i n f o r m a t i o n  h a s  
p r o v e d  i n v a l u a b l e  i n  a s s e s s i n g  a n d  c o m p a r i n g  t h e  r e p r o d u c t i v e  c y c l e s  o f  P .  a n g u l o s u s ,  
o n  b o t h  c o a s t s .  E c o n o m i c  c o n s i d e r a t i o n s  d i c t a t e d  t h e  c h o i c e  o f  a  r e l a t i v e l y  i n e x p e n -
s i v e ,  s i m p l e  i n s t r u m e n t .  S i n c e  s e a  c o n d i t i o n s  i n  t h e  s o u t h e r n  C a p e  a r e  f r e q u e n t l y  
t u r b u l e n t ,  t h e  d e v i c e  h a d  t o  b e  r o b u s t  a n d  c a p a b l e  o f r e c o r d i n g  f o r  e x t e n d e d  p e r i o d s .  
I N S T R U M E N T A L  D E S I G N  
T h e  t e m p e r a t u r e  r e c o r d e r  e m p l o y e d  i s  m a n u f a c t u r e d  b y  G o e r z  o f  V i e n n a  
u n d e r  t h e  t r a d e  n a m e  ' T h e r m o s c r i p t '  ( p l a t e  1 1 a ) .  T h e  r e c o r d e r  w a s  o r i g i n a l l y  
d e s i g n e d  a s  a  g e n e r a l  p u r p o s e  t e m p e r a t u r e  m o n i t o r  f o r  u s e  i n  f a c t o r i e s  a n d  m i n e s .  
3 5 1  
T r a n s .  r ( ! Y .  S o c .  S .  A f r . ,  4 1 ,  P a r t  4 ,  A u g u s t ,  1 9 7 5 .  
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Fig. 1. Map of Cape Peninsula and False Bay, showing location of study sites. 
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The instrument is ruggedly made. It is essentially a die-cast metal box 
( I 65 mm X 92 mm X 46 mm) containing a Swiss 40-day movement. This mechanism 
drives a plastic take-up cylinder via interchangeable gears, thereby pulling a pressure-
sensitive chart rolled over a polished pressure plate. A fine metal stylus attached to 
the free arm of a stout bimetal helix produces the temperature record. The gear 
ratios can be adapted to give recording periods of 7, 15 or 30 days. A visual indica-
tion of temperature can be gleaned from an engraved scale on top of the instrument. 
An underwater housing for the recorder was manufactured to our design by an 
engineering firm from stainless steel (specification AISI 316) (plate nb). The air 
space between the instrument and the housing was minimized (4 mm), thereby 
reducing equilibration time. The housing isessentially a matchbox-shaped container 
fitted with a welded flange on to the open end. The opening is closed by means of a 
flat stainless steel lid (3,2 mm thick) which possesses IO equally spaced holes, 
corresponding to a matching set in the flange. Both flange and lid were machine-
ground to ensure flatness, since welding almost invariably introduces some distortion, 
and fitted with a gasket of smooth neoprene rubber sheeting. The unit is sealed by 
uniformly tightening ten bolts and nuts (length 29 mm, diameter 6 mm). A sachet 
of silica gel is enclosed to absorb any condensate which may form under low tem-
perature conditions in the sea. The enclosure was tested for watertightness to a depth 
of 25 m. A concrete anchor system of low relief was made from two 500 X 500 mm 
slabs, sandwiched and held by heavy galvanized steel bolts. The upper slab is 
provided with two stainless steel bolts which fit through registering holes in the lid 
of the recorder housing. A thin plank of teak (5 mm) cushions the unit against the 
concrete. The housing bolt heads serve to keep the instrument proud of the wooden 
plank, thereby ensuring free circulation of the water, which is essential to avoid 
electrolytic corrosion of the steel. Likewise, dead water must not be trapped between 
the gasket and the lid. This happened once during the study and led to severe pitting 
within a month (plate 11 b). Care must also be exercised in the selection of sites for 
installation. We found a flat terrain, reasonably free from boulders, ideal. The slab 
must in any case lie in direct contact with the sea-bed to prevent eddy currents 
from upending it during heavy weather. Surface buoys should be avoided, because 
they attract the attention of the public. In order to maintain data continuity a 
complete spare instrument is recommended, since servicing in the field is difficult. 
RESULTS 
The thermoscript units were installed in two different temperature regimes 
(Robben Island and Millers Point) and have functioned well for over twelve months. 
Before installation, the instruments were checked for accuracy and response time. 
Accuracy of indication was tested with the aid of a pair of certificated mercury 
thermometers calibrated to o, 1 °C. The recorders departed from 'true' indication by 
± o,15°C, which exceeded the readability of the analogue record of ± o,1°C. The 
chart must be read under magnification. 
A test to determine the effect of the housing in slowing down the temperature 
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response time of the thermorecorder was conducted by us under controlled conditions. 
Two recorders were allowed to cool in air to a constant temperature (9,0°C) and, 
after equilibration, warmed up again to 18,0°C (fig. 2). The instruments were 
transferred quickly. 
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Fig. 2. Comparison of temperature response in time between recorder in watertight enclosure and 
without enclosure. 
The 'open' unit equilibrates to an instantaneous temperature change of 9,0°C 
within about 15 minutes, which is the period given by the manufacturers for a 
temperature change of 50% of the total change (Table 1). Placing the instrument 
in an underwater enclosure extends this equilibration period by a factor of one, 
despite efforts made to minimize the effect by keeping the enclosed air volume to 
a minimum and omitting paint finishes on the metal housing. Immersion in the sea 
undoubtedly reduces this effect through better heat conductance to the recorder. 
Differences in the end point indication of the two units compared are due to inherent 
mechanical differences. A further point to note is the asymmetry of the cooling and 
warming curves. This is due to differences in the thermal conductivity of the environ-
mental media, notably humidity, which was not controlled. 
Daily median sea temperatures were extracted from the continuous analogue 
recording and compared to daily sea surface bucket thermometer readings taken by 
the municipality. Tests of significance of difference of monthly means indicated that 
approximately 40% of the values differed at the 0,10 level of significance, demon-
strating that single daily measurements are not representative. An example of one 
use of such continuous data is shown in figure 3 where variation in the temperature 
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TABLE I 
Comparison of temperature response between enclosed and open recorder. 
Instrument Total change 50% of total Time taken Mean oc oc (minutes) (minutes) 
Drop 12,5 6,25 40 
Recorder in enclosure 55 
Rise 8,7 4,35 70 
Drop 12,4 6,20 IO 
Recorder without enclosure . 15 
Rise g,o 4,50 20 
Continuous temperature recording 
regime is readily compared with the cycle of change in gonad mass of the sea 
urchin P. angulosus. The False Bay temperature regime shows marked seasonality, 
with high summer and low winter temperatures. The curve of the gonad indices 
follows the one for sea temperatures, although gonad indices lag behind. The pattern 
of reproduction of male and female gonad indices agrees closely throughout the year; 
not so, however, the variance. There appear to be two spawnings, one in the autumn 
and another, less intense, in spring. The temperature data on the Atlantic side, i.e. 
at Robben Island, possess no clear seasonal pattern. Winter temperatures are rather 
uniform, with changes less than 1°C for periods of several weeks (fig. 3b). Tempera-
tures are generally lower than in False Bay (compare figs. 3a, b). Rapid perturba-
tions during the summer months are caused by upwelling of cold (g-10°C) water 
on the one hand and occasional tongues of warm Agulhas water (20-21°C) sweeping 
into Table Bay. However, the latter probably lacks a sufficiently pronounced regime 
of temperature changes, persisting for some time, to cause complete spawning. This 
is very evident in the variance of the female urchins. The marked inequality of the 
sex ratios is also noteworthy. This difference was found to be significant, but remains 
unexplained (Millers Point: 'X-2 = 51,733; p = 0,5%; d.f. = 17. Robben Island: 
r.,2 = 39,915; p < 0,5%; d.f. = 15). 
DISCUSSION 
Comparison of temperature information obtained by spot measurements, in 
contrast to data gained by continuous monitoring, clearly shows that the use of such 
singular information does not meaningfully reflect the environmental temperature 
perturbations. The water masses around the Cape coast are thermally heterogeneous, 
caused largely by strong prevalent winds (Atkins 1970a, 1970b; Cram 1970) 
Dietrich (1935) and Clowes (1950) demonstrated that the region between Cape 
Agulhas and Cape Point receives a mixture of warm water from the Agulhas Current 
and the cold West Wind Drift. This produces within a few hours changes in water 
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Fig. 3a and b. Combined graph of change in Gonad Index of Parechinus angulosus in time, showing 
mean (bar) 95% confidence limits (rectangle) and number of animals collected per sample for both 
sexes. Fluctuations in sea temperature are drawn as running average of 5 items for both Millers Point 
and Robben Island. 
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temperature, which cannot be detected by manual spot checks. Upwelling on the 
Atlantic coast has been mentioned; False Bay likewise receives incursions of cold 
Benguela water as well as streams of warm Agulhas water depending on wind 
direction, strength and persistence. This justifies the installation and maintenance 
of recording instruments at points of interest. The instruments, although slow in 
their response, nevertheless yielded a useful indication of the temperature regime for 
the period of study. Work currently in progress attempts to elucidate the relationship 
between sea temperature and spawning behaviour by using the recorded data in 
other ways as well, by drawing curves of exceedance frequency and persistence of 
chosen temperature ranges in time (Ainslie 1971). 
SUGGESTED IMPROVEMENTS 
With little alteration of the basic design by the manufacturer, the thermoscript 
could be made more useful. The outer casing of the instrument could be made 
waterproof and of a non-corrosive material such as stainless steel (AISI 316). The 
inspection window serves no purpose in the present application and could be elimi-
nated. The most significant improvement would lie in a reduction of the temperature 
range to which the recorder responds. A full scale range from 5 to 30°0 would make 
the instrument practical for most aquatic environments. Narrowing of response 
range would increase the trace amplitude and thus make digital evaluation feasible. 
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required only minor mechanical modifications. The housing employed was the French-
made Espadon-Tarzan Aquaflash which is made of an impact-resistant plastic material 
(Fig. 1). This unit normally accepts three type D 1,5 V dry cells. Only two cells were 
used in the instrument described, the remaining space being occupied by the electrical 
digital counter (4-digit electromagnetic type POC-2). The counter is advanced by the 
closing of a reed switch triggered by a short bar magnet radially cemented into a 
perspex wheel, which moves over the surface under investigation. A single count 
records one rotation of the wheel, the circumference of which (200 mm) reflects the 
distance travelled. Greater precision can be achieved by reducing the wheel radius or 
by the incorporation of further magnets. 
A commercially available magnetic reed switch (30 mm long), sealed in a thin 
glass tube, was mounted in a suitably machined groove in a perspex disc (dia. 
31 mm; thickness 8,5 mm) in such a way that the contacts closed along the axis of the 
instrument. The switch must be mounted firmly and accurately for reliable operation. 
For easy removal the perspex disc was provided with a central threaded hole. The 
equally threaded withdrawal rod does not quite reach the level of the reed switch when 
screwed home, thus avoiding possible damage. A helical spring, part of the original 
flashlight, bears against the top of the switch assembly and in turn makes contact with 
the dry cells. The digital counter was installed last. A good fit of the counter was 
guaranteed by attaching a perspex disc, slightly smaller than the internal diameter of 
the housing, to the end of the counter opposite the display, by means of two small 
countersunk brass screws. A central hole drilled into this disc locates the positive pole 
of the dry cell in contact with the counter. The wire connections are shown in Fig. I. 
The display end is covered by a thin foil of Teflon. This prevents scratching of the 
perspex lens of the housing during assembly. The original 0-ring is retained to make 
the instrument waterproof. The counter wheel (Fig. 1.4) is provided with a gripping 
surface on its periphery to prevent slipping during use. A suitable length of nylon 
reinforced rubber tooth-belt was glued on to the roughened circumference with contact 
adhesive. The profile height of the rubber belt was taken into consideration in the 
final dimension of the wheel (dia. 63,9 mm). A nickel-plated brass sleeve, which slips 
over the barrel of the housing, was secured by means of a knurled nut (Fig. 1.3a) and 
supports the counter wheel on an axle running in bushes. Teflon washers were punched 
out of sheeting and fitted between the ends of the axle and the supporting bushes. 
These washers resist the free rotation of the counting wheel. The sleeve assembly was 
attached to the housing so that the wheel just clears the bottom end of the barrel. 
Available bar magnets of the dimensions required in the above application are not 
strong enough to close the reed switch contacts if the intervening gap is in excess of 
15 mm, including the thickness of the material. 
OPERATION IN THE FIELD 
After a quadrat (0,25 m2) was dropped on to the sea bottom under study, ten 
regularly spaced traverses of the wheel were run-five each in both co-ordinate direc-
tions-over the surface enclosed by the quadrat. The initial and final readings of the 
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a) 7 if I r - ~~ 
b) 
13 
11711 ~31111 
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Fig. 1. Distance measuring wheel (and components) for estimating benthic surface area. 
Key to Fig. I 
(a) Lateral view of Distance Measuring Wheei. 
(b) Electrical components. 
(c) Frontal aspect of digital counter. 
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I-perspex lens (threaded); 2-housing of Aquaflash; 3-knurled nut to tighten sleeve; 3(a)-nickel-
plated sleeve body; 4-perspex counting wheel; 4(a)-nylon reinforced tooth belt; 5-axle of wheel; 
6-bar magnet cemented into wheel; 7-digital counter; 8-dry cells (D type); 9-helical spring; 
IO-perspex disc supporting reed switch; 11 -reed switch; 12-threaded hole for withdrawing switch 
assembly; 13-frontal view of digital counter. 
digital counter were noted on an underwater slate. Before commencing a set of 
traverses, the magnet should be in a position just past a contact. The instrument 
should be operated in a steady fashion, since misses of the counter occur if the wheel 
rotates too fast. The instrument should be stored with the reed switch contacts open, 
or else the batteries become drained. 
CALCULATION OF SURFACE AREA OF SUBSTRATE 
The number of co-ordinate traverses run over the quadrat determines the accu-
racy of the final result. For our purpose, five traverses each in the x- and y-directions 
were found to be practical. The total linear distance covered is: 
(final reading-initial reading) x circumference of the wheel 
(in this instance the circumference of the wheel is 0,20 m). This is divided by ten to 
obtain the mean size of the quadrat. The result is squared to obtain the area: 
i.e. 
2 
A [(Final reading - initial reading) X 0,20] 2 rea = 
10 
m 
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RESULTS 
During a study on the reproductive ecology of P. angulosus, two populations were 
sampled randomly along replicated subtidal transects, stratified according to depth 
and distance from shore. A sample of the results is shown in Fig. 2. These data 
reveal that the size (mean major axis) of urchins generally decreases with depth at 
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Fig. 2. Variation in mean size (bar) of the sea urchin Parechinus angulosus with increasing depth 
(dashed line) and distance from shore at two localities. The sample size (n) and 95 % confidence 
limits of the mean (rectangle) are also given. 
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both sites (Fig. 2). Furthermore, the urchins at Millers Point are consistently larger 
than those at Robben Island by 31 % (table not shown). Measurement of surface index 
according to Dahl (1973), a ratio statistic obtained by dividing the actual surface area 
by the theoretical area enclosed by a quadrat, yields a significantly higher value (by 
variance analysis) for the Millers Point site compared with that of Robben Island. 
The elucidation of population density of P. angu/osus entails an estimation of the 
surface area inhabited by the echinoderm. The actual surface area measurements 
obtained by the use of the wheel measuring apparatus are shown in Table 1 for the 
identical sites and stations given in Fig. 2. The actual surface area is shown to 
deviate from the plane area enclosed within a 0,25 m2 quadrat (minimal theoretical 
area). The observed population density was corrected on this basis to density per 
0,25 m2 plane with one modification. Since the measuring wheel for technical reasons 
(e.g. skidding) underestimates surface area and in order to avoid the scaling up of 
densities, which is not permissible, the lowest actual surface value obtained (see 
Table 1) was made equivalent to the minimum theoretical figure minus the error due 
to the edge effect (16 %), thus 0,21 m2• The uncorrected densities are therefore over-
Table 1 
Comparison of actual benthic area and density determination of Parechinus angulosus at two localities: 
Robben Island (a) and Millers Point (b) 
(a) 
Depth (m) Actual area Density Density per 
Station corrected surveyed per quadrat 0,25m2 surface SI % 
No. toMSL (mm2) (uncorrected) ( corrected) Base cover 
1 5,8 186 800 18 18 0,75 11,2 
2 6,1 186 720 29 29 0,75 11,8 
3 7,7 291 750 19 16 1,17 5,5 
4 7,7 105 031 16 16 0,42 14,9 
5 7,0 186 720 59 59 0,75 20,4 
6 5,8 205 430 32 32 0,82 15,2 
7 5,5 205 392 2 2 0,82 1,7 
8 8,5 119 034 41 41 0,48 18,2 
9 8,5 134 205 54 54 0,54 24,3 
10 8,9 168 048 18 18 0,67 6,2 
(b) 
Depth (m) Actual area Density Density per 
Station corrected surveyed per quadrat 0,25 m 2 surface SI % 
No. toMSL (mm2) (uncorrected) (corrected) Base cover 
1 1,6 91493 25 25 0,37 54,5 
2 2,5 291 750 18 15 1,17 12,5 
3 2,5 392 579 18 11 1,57 8,6 
4 4,1 392 615 20 13 1,57 8,8 
5 4,7 291 570 29 25 1,17 16,4 
6 5,8 315 557 26 21 1,26 13,4 
7 6,2 315 473 36 29 1,26 16,9 
8 6,5 153 790 32 32 0,62 29,8 
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estimates. The area difference can now be used to correct densities. Such information 
permits a further estimate, namely, the true percentage cover of substrate by urchins: 
( Total projected surface area of urchins % base cover = x 100) 
Actual surface area surveyed 
which is a measure of occupational intensity of surface area. Percentage base cover by 
urchins is a little higher at Millers Point than at Robben Island. The corrected popula-
tion density of both localities does not differ significantly at the 95 % confidence limit 
when subjected to a variance analysis (ANOV A). 
DISCUSSION 
Dahl (1973) pointed out that the quantification of surfaces has recently been 
recognized as a further important parameter in addition to the classical ones of volume 
and mass in the study of ecosystems. The presence or absence of suitable rocky 
substrate profoundly influences the extent of kelp beds, with which P. angulosus is 
closely associated, since these plants cannot attach themselves on an unconsolidated 
sea bottom. Suitability of substrate is of cardinal importance to many sessile and 
grazing animals. Absence of colonization is usually indicative of disturbing factors 
such as excessive turbulence or mechanical abrasion by transported material. Personal 
observations (see also Greenwood 1974) led us to believe that competition for surfaces 
for attachment is keen. 
In approaching the quantification of a complex surface, Dahl (1973) resorts to a 
mathematical approximation of basic reef forms, which he reduces to simple geo-
metric shapes. The actual surface is then calculated in terms of these three-dimensional 
elements. The highly irregular nature of the sea bottom at the study sites does not 
permit application of his approach. The substrate at the sites under investigation con-
sists of eroded granite, scattered variously sized boulders and pockets of sand and 
pulpy detritus near Millers Point, while the situation near Robben Island presents 
itself as steeply dipping reefs of slates and shales running roughly parallel to the 
western island shore. These reefs are eroded on a small scale on their exposed edges, 
with gullies and channels criss-crossing the general topography. Owing to this fact, 
the instrument used by us, which is similar to that of Fager et al. (1966), who made 
use of a plastic tracking odometer and a Veeder-Root direct drive revolution counter, 
seemed the only convenient means of obtaining an estimate of actual benthic surface 
area. However, while the device of Fager had the estimation of extensive sandy sea 
bottoms as its underlying idea, our measuring wheel was specially constructed to 
resolve dissected irregular rocky bottom: hence the small size of the measuring wheel 
and the need for overall compactness. The two devices are thus clearly different, 
though similar in principle. Use of a wheel method for determining such surfaces 
underestimates the real surface area, since it is impossible to move the wheel right up 
to the edge of the quadrat frame. Hence a narrow band of unmeasured surface remains 
along the inner margin. This is a constant error, however, amounting to 16,6 % in the 
present study. The final surface area obtained was corrected for this error (Table 1). 
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This difficulty could be solved by increasing the frame size by the amount in question. 
Such a modification would, however, result in erroneous information with respect to 
the number of animals collected within the quadrat. 
Several interesting results have been found by the application of the measuring 
wheel. The apparent population density of a location may differ significantly from the 
actual one, obtained by correcting for the irregularity of the substrate. A student's 
t-test was applied to uncorrected and corrected densities at Millers Point and Robben 
Island and found to show significance at the 95 % confidence level for the Millers Point 
site, but not for Robben Island. We believe that the latter is due to the peculiar rock 
structure there, leading to considerable underestimations of surface area. 
It is thus important to exercise care when attempting to compare benthic environ-
ments differing in their structural make-up, since the surface variations may locally 
be of a scale below the power of resolution of the counting wheel, while being of a 
scale significant for the organism studied. No single instrument can be ideal for all 
terrains. Our measurements of surface index (SI) for Millers Point compare interestingly 
with the theoretical value found by Dahl (1973) for massive and crustose corals about 
0,25 min diameter. Likewise, the average value found by Dahl (1973) for rubble and 
pavement during a barrier reef transect is of the same order of magnitude. More 
complete resolution of surface irregularities at Robben Island would raise the per-
centage base cover difference between the former and Millers Point to the 95 % 
confidence limit, showing up the smaller contribution to base cover made by numerous 
small animals when compared to that of fewer larger ones. 
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